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SYNOPSIS 


SOM NAIF, KAPOOR 

T'.Tecii. (Mech. ) 

Indian Institute of Techno log'Yj Kanpur 
December, 1S72 

"Systems Beha.vior of a Perishable Commodity 
Industry -An Industrial Dynamics Approach" 

.t'ln this study an Industrial iKmamics approach for 
studying the systems behavior of a perishable commodity industry 
is presented. A detailed model^ incorporating the various 
sectors - agriculture, cold storage, juice processing factory and 
market, has been fonnula'ted taking into account the inter-actions 
and the inter-dependences of these sectors. DYNATO has been 
used as programming language for the simulation of the system. 
Various decision rules and the sensitivity analysis of various 
parameters has been studied. 





INTSCHJC TIOK 


i:T.theaatiC8l literature' today abounds with cptteisati-n 
end related techniques. Ihe mathematical sophistication attained 
so lar helps analyse only relatively small systems, /s the boun- 
daries are relaxed, the system becomes complex and it may net be 
,..-.ssible tu optimise the same. Fewever, an attempt can be made to 
study the system behaviour in order tc comprehend the system 
better. Industries in general a^e quite complex systems with 
tlieir inter-actions and crntrolling forces within. Commodity 
industries in particular are most prone to price and demand fluc- 
tuations which have proved an enigma to most of the business 
puncats; the complexity enhanced due to competition and inherent 

instability. %ricultural products and natural resources can 

well be cited a^ illustrations to Ihe point. 

fdded to all this is the perishable nature of agri- 
cultural products bringing to the fore problems of wasta.ee, 

quality deterioration etc. fruits form ttie bulk of these peri- 
sli ab le p TO due t s , 

In light of the above, the problems faced by an 
orang:e industry were taken up for the present investigation. A 
system study of the whole industiy is attempted in order to 
gain an insight into the pertinent parameters and design varia- 
bles etc. M attempt has been enlaige the boundamiee aa 
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f£r M possible so es to include the esriouitursl sector, 

j^^xccessin,- sector es well as marketirie:* 

Ihe litportsnce of the fruit growing industry is 

fore then epperent with ttie goternment peyipg riore end more 

attention to it. A number of oroherds here been set up end 

technical guidance is being provided to 1he needy. Oranges come 

under the general ception of citrus fruits occupying about seventy 

percent of Citrus fruit growlnrr area, furthermore, orahge has 

gained wide popularity for its flavour and more so for its nutri- 

tious veiue . Thus it would be safe to nTpcmno +Vie.+ . 

aie xo presume that orang:e industry 

mey ,iain prominence in the near future. 

Olie advent of simulation and more so Industrial 
lirnamlcs has opened up new evenues for wide and realistic studies. 
Industrial llynamlcs can account for as intricate and complex 
systems as possible. It is not a method of solution but an aware- 
ness that a business instiiutinn can be looked upon are a oombine- 
tlon Of levels, rates, feed-back loops and policies. Once the 
identification is complete the system can be simulated to gain an 
insight into the behavior and the effect of various policies on 
it. Ihe management would now be wiser, and ta a position to know 
in advance the effect of the policies to be implemented in 
contrast to the almost blind ekperimentation. ? 

Iha use of Industrial Ijnamlos as a method of analysis 
an contrasted to any other teohniqui stands justified on the 
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following 
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fc; rounds : 

1. I'viiii Industrial Dynamics techniqueit is relatively 
easy to model qualitative behavioral relationships. 

2. Industrial Dynamics is based on the theory of 
feedback control systems; usiny the technique 
precludes the problems of structural incongruity. 

3. Bmpiricel data were not available sufficiently to 
permit use of statistical techniques for deriving 
some critical market relationships (e.g, retail 
price, elasticity, consumer demand due to adverti- 
sing). However, the Tndustriel Dynamics methodology 
does not insist upon such data availability, although 
odded confidence in iiie model formulation does 
result when derivation of relationships can be 
enhanced by statistical analysis methods, ''.hen 
these data are unknown, Industrial Dynamics offer 

■the advantage of providin£; an easy vehicle for 
testing the sensitivity of company perfornance to 
deviations from the initial estimates made. 

. The relatively lew mathematical sophistication 
required by the Industrial Dynamics approach 
enhances managements understanding of the system 
analysis effort. In the area of policy formulation 
it is likely that such increased understanding will 
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iia'V'8 direct and immedia.'te resuli vdiich would 
otherwise consume much more time before any 
change in managerial understanding is reflected 
clearly in company policy and performance. 

To summarise the present investigation deals with the 
orange industry as a whole, taking into consideration the inter*- 
actions at various stages from planning to marketing. Feed-back 
control concepts have been used to advantage, as an aid to making 
or modifying; decisions from time to time. j!\ computerised model 
has been proposed for the above using dynamo-language. Valida- 
tion is done on the basis of available data and also through 
discussions. 

Once, the validation is complete, system simulation 
can be attempted in order to study and record the behavior as an 
aid to managerial decision making. 



CH.OPE]? II 


GrEKER^ DESCRIPiroif OF OpiM ORAtlGS IHIUSIEr 

Commodi-ty industr.l.es are, in general , pl^^ed- by 
the contiauous price flijctaations; the orange-induetiy. being 
no exception. To vdiat extent it is due to managerial practices 
within the industiy and the di; tiitari'es wi+hout, Is to be 
Mivestigated. A general op ±10^0. prerails that fluctuations in 
demaid at the retail shops transnit itself to the higher 
echelons of the Industry. Contrary to this is Hre belief that 
even with a stable demand, there would still be these fluctua- 
tions. The shortoom^s of tie organisational structure and the 
lack Of combinatorial^- objectireo coupled with inherent uncer- 
tainty to ^ industry bring about these tostabilities. ’ 

In a comiaodity systeia, the commodity is not produced 
specific order of the customers. Ohe producer usually- 
is not to a position to atockcpile the commodity for long periods 
of time and delivers has output to the market as it is produced.. 

stock holder purchases, from -the primary source of supply, 
all that is Offered to him.- e:ffect of price fluctuations 
on supply rates to damped, as well as time lagged. A glut to • 
tbe market, resulting in fall to the prices, m^ find some 
producers unable to operate profitably and eventually curtail 
production. On the other hana, otoer^onttoue production to 
the hope that prices will xecover. to fact, extra pr.>duction 



xs resorted to, in order to mitigate the losses. However, 
sustained losses force business failures, bringing about the 
required curtailment of production. 

Kie changes in price propagate downwards throughout' 
the industry, eventually dictating the demand. The production 
on the other hand is also suitably- stimulated. The effect of 
such price changes msy not be felt on the dear^d and the 
production instantaneously. In- fact it mey so happen that 
because of 1he time leg, demand and production m^ not be able 
to reach -the equilibrium condition for a long time to come. 

Added to all this, the speculation and hoarding at all levels 
may accentuate the system instability. 

In India, more than 90^ of the orange crop is sold 
m the raw fruit market for direct consumption. The prices in 
raw fruit market swing widely. Short term fluctuations in price 
of raw fruit market are apparently caused by the uncertain' weather 
conditions, etc., in that the industry is unable to predict the 
size of the crop. A severe freeze can reduce the orange crop 
by as much as 20^. Processors, expecting to charge higher 
prices for the concentrate, owing to the reduced supply, ^bid ' - . 

up the price of the raw fruit. If good weather persists ' 
throughout the growing season, then the yield will, be greater 
than expected, which drives the fruit md concentrate prices 
wnw^d. On an average, the weather conditions m'^ affect 
the yearly yield of oranges by 3% to 1C^ keeping the Industry 
and prices in a constant state of uncertainly and fluctuatrions. 
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Por longer horizons (■two— three years)^ the prices 
of tlie raw oranges are primarily determined by the inter-actions 
of demand and supply over the same period. If the long run 
orange yield is high, supply of concentrate is in plenty, 
resulting in lower prices at the retail-stores and vice-versa. 
Hie demand of processed forms is determined by the price set up 
at the processing unit as the retailers merely take their 
marketing charges. 

While long run price of concentrate is controlled by 
the long run supply of raw fruit, short term fluctuations also 
exist. The price of concentrate is (apparently) based upon the 
inventory of the concentrate; held by processors* Since the 
retailers keep only enough of the concentrate on hand In order 
to meet two or three weeks of demand, the remaining inventory 
of the concentrate has to be held by the processors. The 
inventory of the concentrated juice at the processing unit may 
be quite large, since the annual crop of oranges must be concen- 
trated between December to June, ;^ile retail sales continue 
throughout the year. At the. end of hanrvestin^s season in June, 
the processors accumulate a large inventory to meet the demand 
for the concentrate until the next season crop begins to be 
concentrated In the next December* 

^ Q^ltlvat ion and Distribution of Oranges : 

Citrus fruits rank third (next to grapes and olives) 
in acreage among the sub-tropical fruits of the world, and 
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rank^ sixth smong the Citrus growing countries (24). In 
Indie Citrus fruits occupy an area of 0.22 nillicn acres out 
of me toted area of 3.09 million acres under all fruits (is). 
Mandarin or santra is one of me sixteen species of Citrus fruits, 
aic is a loose skin orange and its agricultural name is Citrus 
reticulata. It is widely cultivated in all subtropical regions, 
as principal regions of Citrus cultivation in India lie in 
I^ssam, Sikkim, Central Provinces, Brniab and Coorg. Commere- 
clal production in Central Provinces is centra in Hagpur, 
Bhanaara.Wardha, Chlnwada and JSmraTatl districts. In South- 
India, mandaurln is cultivated on a large scale in Coorg (24). 

Ihe area under loose-skinned oranges in India is 
estimated at 650OO anres. Central-Provinces lead with about 
20000 acres followed by Coorg, Issam, Punjab and Bombay. 

Mandarin is the most valued commercial orange of India. The 
fruit is used mainly as dessert and in processed form e,g. 
juice, squash, jam, etc. Citrus -kinesis, a tight skin orange 
(also kncwi as sweet orange or mousambl) is ancmer common 
species of Citrus fruits (24). 

EESBaatlon : Citrus trees are readily propagated by seeds, 

cuttings, layering and budding. Almost the entire area under 

Oltrus in Assam and South-mdla are planted by trees raised 

from seeds. a.dding is becoming more common, as budded trees 

an fruit at an earlier age and produce fruits of uniform 
Size and quality. 
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I 

" Tiae budded trees of saKtra orange begin to bear 
small crops from the fourtli year onward but normal crops are 
borne from the seventh year. The fruits mature after about 
nine months of their blossoming. The seedling trees of santrai 
usually come to their maiden bearing in the eighth year and 
to regular bearing from the tenth year onwards. Due to varying 
climates, the harvesting periods differ in different parts ofthe 
country. Budded trees of mandarins give a commercial crop in 
_ about seven years. The life of budded trees is about 35 years 
and of seedling's about 60 years (18). 

Harvesting ; Mandarins should be harvested as soon as it is 
ripe. loose skinned oranges produce two crops a year, with 
a variable third crop in some seasons, in South-India. Three 
blooming periods are also recognized in Central and Western India. 
In Gooxg, the main crop is harvested during January -February 
and constitutes 9C^' of the annuaf production and the off season 
crop from July to September with a small third crop in March to 
i^ril.-- Ihis also applies to parts in Mysore and Wynaad (9). 

Dike the Coorg mandarins , Nagpur mandarin oranges 
also blossoms twice a year in the Nagpur region, ihe blossoming' 
of June-July is called 'mrig-bahar' . The resulting crop begins 
to ripen in February but harvesting continues till the end of 
April. The second flowering occurs in December-January and is 
known as 'imbia-bahar' , The fruit of this flowering is ready in 
September and is harvested till the end of November. About 
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TCffo of annual production of .'Nagpur' orange is obtained from 
the 'mrig-bahar' which forms the main season crop and the 
r'emaining 30^ from the 'anbia bahar' , the second season (9). 
Some variations in the above periods are found in the litera- 
ture on oranges. Harvesting seasons for other places will not 
be discussed here as most of the orange crop comes from these 
two areas. 

Citrus fruits have tc be picked up 'fto.en they have 
developed their characteristic flavour to the maximum extent. 
The optimum maturity stage for harvest is difficult to deter- 
mine . It is customary to harvest fruits in India according to 
the prevailing demand, and this often leads to the mixing up of 
good and poor quality fruits, and mature and immature fruits in 
the same lot. Citrus fruits should not be picked up during 
rains or for a. few days after, or when the fruits are covered 
with dew (24). 

Yield ; The average yield of mendarlns varies from 2300 to 450G 
kg/hectare (23). In Vidhsrbha, the yield rf 'Nagpur' santra 
is 10,000 kg/hectare -vihile record yield 'Upto 23000 kg/hectare 
has also been reported (23). In good orchards the average 
yield per tree may range from 1,000 to 1,500 fruits. In Goorg 
and Wynaad the average yield per hectare is about 14,000 kgs 
and maximum yield of 5,000 fruits per tree per annum is ■. 

recorded (24). 
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Yield of smtra varies from 50 to 250 Mds. per 
acre, fhe yield of Na^^pur santra is 110 mds. per acre while 
the maximuni yield recorded is 250 mds. In Coorg and Wynaad, 
average yield per acre is about 150 mds. and maximum yield 
recorded is 5000 fruits per tree (24). 

Ranjit Singh (18) reports an yield of 4100 to 30,000 
lbs. per acre and a good mandarin tree bears about 1000 to 1500 
fruits. 

Year Production : Production of mandarins for the last twenty 
years is summarised below (l5) ; 

Years 1948-52 1 961-65 1^6 1967 1968 1969 1970 

Production 

(lOOO m-Tonnes) 226 696 800 900 900 900 . 900 

Storage ; Santra is quickly perishable compared to sweet oranges 
and lose freshness, shrink and become stale within a week after 
harvest (23). The storage in the w^arDler seasons is more impor- 
tant and ripe santra can be stored e;,t 40°P for three months ( 18) . 
Grower can regulate the prices during the glut season in the 
market period by keeping oranges in cold-storage chambers at 
low temperatures. 

jnter-State Trade : There is considerable inter-St ate trade 
of oranges. Laige quantities of 'Uagpur' oranges are sent- to 
markfets all over India from Efagpur. Coorg oranges are mainly 
exported to places in Madras and Mysore, Aq idea of inter-State 
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trade can be had from iiie following table (Ref. 24) ; 

Exp o rt of I'Jagpur Oranges 

Importing Station Cjuantity (in Maunds) 


Calcutta 

2,21,250 

Delhi 

92,250 

Madras 

63,750 

Bombay 

36,750 

Other stations 

2,53,500 

Total - 

4,67,400 


Prices ; Orchard prices of Citrus fruits are settled either 
on acreage basis or on the basis of weight or count of fruit 
picked, \liole-sale prices of oranges vary to a considerable 
extent in different markets during different parts of the 
season according to demand and supply. Prices rule high at the 
beginning of the season due to limited supplies; they decline 
as the season advances and supplies increase, and show an upward 
tendency towards the end of the season lAhen supplies dwindle 
(Table 2. l). All the juicy fiu its have more demand during 
warmer months. 

Citrus Products : Citrus fruits are esteemed primarily as 
articles of diet. They also provide a large number of commer- 
cial oils, Citric acid and pectin. Pruits vAiich are not 
consumed for table purposes are con'verted into beverages 
(juice.:, squashes, and cordials), maimlades, and jellies. 
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liable 2.1 


Average wholesale price variaiicn (per 100 oranges) 
in different markets in India in 1949 (Ref. 24) 

Calcutta Madras llagpur Kanpur 

(Nagpur Santra) (Sathgudi ) 

medium 



(Es. 

An.) 

Tes. 

An. ) 

(Es. 

An. ) 

(Ss. 

An 

January 

3 

15 

9 

10 

1 

9 

5 

3 

February 

3 

5 

17 

4 

1 

10 

3 

12 

March 

6 

4 

8 

0 

1 

9 

3 

12 

April 

10 

8 

11 

3 

2 

12 

5 

11 

May 

14 

8 

12 

0 

5 

13 

10 

7 

June 

13 

15 

7 

4 

- 

- 



July 

18 

7 

7 

1 



mm 


August 

25 

0 

8 

0 

- 



««' 

SepteijLber 

6 

12 

9 

14 



mm 


October 

8 

4 

5 

12 

«. 


mm 


Ncvembe r 

8 

11 

5 

0 



■mm 

mm 

December 

5 

11 

7 

0 






The composition of mandarin oranges is as follows : 

Reel - 35^, Juice - 5C^, Marc - 13^, Seed 2?^(Eef.24). 

~ ~ juices are important articles of diet. The sugars, 

acids and essential oils present in them determine- their quality. 

Citrus juices can be preserved not only as liquid concentrates, 
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but also in solid form as powders. 

Citrus peels constitute a valuable source of essential 
oils and pectins. Mandarin oil is an orange coloured liquid- 
obtained by extraction from the peels of Citnis reticulate (24), 



CHy\PTER III 


A BEISF H57IEW OP HJIUSTRIAI DYIAMICS 


Industrial I)yiiainics (l.D.) is the science of simulating 
the flows of orders, materials, monej-, personnel, capital equip- 
ment and information in a large organisation. The method was 
developed by Prof. J.?f, Porrester and was first described in 
detail in his book "Industrial I>7namics" (3). The objective of the 


Industrial lynsmics study is to examine the implications of the 


policies in a large organisation vfaen they are all placed in a 


single model and allowed to interact, Porrester defines it as : 

"^<i^strial Iiynamies is the study of the informatipn- 
feedb^k characteristics of industrial activity to show how orga- 
nisational structure, amplification (in policies), and the delays 
+1?^ decisions and actions) interact to ihfluence the success of 
the ente^rise. It treats the Interactions between the flows of 
mf oimation , money , orde re , mate rials , pe rsonne 1 and ' c ap ital 
equipment in a company, an industry, or a national economy" (4). 

3.f Systems Concept ; 

Ihe importance of systems engineering has been recog- 
nised over the last three decades or so. Porrester describes it 
as 


Systems engineering is a formal awareness of the 
te rations between the parts of a system. A telephone system 
wire, amplifier, relays and telephone sets to be 

interactions, the compatabilily, the 
+1 on® upon the olher, the objectives of the viiole. the 
lationship of the- system to the users j*, and 1he economic feasi- 
liiy must receive even more attention than the parts, if the 
final result is to be successful" (4 ) , 
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Forrester enphasises the iEportsnce of systems 
concept in management as well ; 

"Our industrial systems are becoming so large and 
complex that, a knowledge of the parts taken separately is not 
sufficient. In management as in engineering, we can expect ttiat 
the interconnections and interactions between the components of 
the system will often be more important than the separate compo- 
nent themselves" (4 ). 

Industrial I^ynamics can be applied to a wide variety 
of organisational activities like production, distribution, 
accounting, capital investment, research and development, etc. 

It provides a single framework for integrating the functional 
areas of management mentioned above. It is a quar/titative and 
experimental approach for relating organisational structure and 
corporate policy to industrial growth and stability. By 'experi- 
mental', it is meant -that models fortau late d in Industrial Dynamics 
are a mathematical replica of the structure of the real system, 
including the flow of money, men, materials and information and 
the location of decision points. 

Subsequent to the model foirnulation, the system is 
simulated as a whole in order to study the different characteris- 
tics with respect to time. 

Based on the primary assumption that decisions in 
management and economics take place in a framework that belongs 
to the general. Glass- known aS information-feedback systems, 
Forrester has developed a method of analysis and simulation 
technique for large and complex systems that conformed to the 
well defined .and established theory of feedback 
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couirol systems (l2), 

Forrester (?) discusses Industrial Dynamics as a. 
tool in the study of the managerial decisicn-maklng process. It 
enables the design of more effective industrial and economic 
systems. Roberts (20) proposed Industrial Dynamics both as a 
philosophy and a methodology for organiseitional control system 
design. Roberts (21 ) was successful in overcoming the problem 
that hah plagued many research efforts in the simulation of large 
complex systems l.e. defining the intangible variables as also 
measuring its effects with the help of Ihclustrial Dynamics e.g* 
measuring such effects as the 'influence of willingness to accept 
risk by the customer' and such variables as the 'realised tech- 
nical effectiveness by the customer'. 

Llewell3?n(l0) describes Industrial Dynamics as 
"... a servomechanism, the emphasis being on studying its dynamic 
behavior rather than on optimising; it as a system"; Dynamic 
behavior as, "... the core of Industrial Dynamics theory is that 
such a steady state seldom exists". Ihis is in direct contrast 
to O.R. techniques where steady state conditions rather than, 
transient ones are analysed. Llewellyn also talks of the 
difficulties of; realising a steady state systems in practice 

It has been found that the oscillating nature of the 
flow may be due to the policies rather than the external distur- 
bances. New policies may be implemented lAich may give more, 
stable performance (l0). 
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Accordin^^ to Llowellyn (10), Industrial I^amics is 
concerned with, policy fcrruation rather than with decision making. 
It focusses its attention net on hew a pai'trcular- decision is made 
at a particular time and under a given set of circumstances, but 
on how decisions made repeatedly according to a stated policy 
affect the performance in ihe long run and, p articularlyj on how 
they interact with other policies under the control of management, 

3(2 Status of Feedback System Theory : 

The basic structure of a feedback system is a' loop. 

The system condition provides an input to a decision process Ihat 
generates action. This action modifies the system conditions. It 
is thus a continuously circulating process. All types of deci- 
sions, whether they are personal, corporate, national, inter- 
national or in environment fall within such a context ( 5 ). 

The feedback systems have following four character- 
istics - 

1. Order 

2. Direction of feedback 

Nonlinearity ' 

4. Loop multiplicity 

The number of levels (whidn are nothing, but first order diffe- 
rence equations or integrations) in an I.D, model is .equal to the 
systems order. While most of the literatuze on feedback systems 
deals with first and second order systems, even elementary mana- 
gerial phenomena usually require, a minimum of fifth to twentieth 
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order for adequa,te ropresentafion. Eie direction or the polarity 
of the feedback loops ctja te positive or negative . In positive 
feedback system an action increases a system state to produce still 
more action. It is an essential pjrocess in the growth of products, 
ccn^snies or countries, whereas the negatii/e feedback locp is goal 
seeking, vihich may or may not be attained. 9S^ of the feedback 
systems literature deals with negative feedback, but all 'the 
processes of growth are manifestations of positive feedback. The 
degree of nonlinearity implies the number cf policies in the 
system that are nonlinear. Throughout our social systems, non- 
linearity dominates behavior. Finally to represent adequately 
managerial systems one must incorporate a number of major loops, 
each of -sdaich may contain many minor loops. (5) 

Ab one moves toward systems of gre^ater complexity in 
any one of the preceding dimensions - order, inclusion of positive, 
feedback, nonlinearity and multiple loops - it is found that the 
representation and analysis of the systems behavior becomes very 
complex and known quantitative methods cannot be used to solve 
the problem. (5 ) 

The behavior of the simpler systems cannot be exten- 
ded for the prediction of complex systems behavior. Frequently 
a manager encounters this (non-linear, multiple loop systems of 
high orders) in actual practice, where a major policy change aimed 
at correcting a coiporate problem seems to produce almost no lefeult 
Within a model of complex system one discovers orderly processes ' 
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which axe re'sponsible for defeating attempts at changing its 
behavior. Some of the most useful insights to come from Indus- 
trial I^namics show which policies in system have enough leverage 
so that by changing them one can hope to alter S3’'stems behavior. (5) 

Industrial dynamics stresses the feedback-loop 
structure of a system. The feedback loop constitutes a 'fundamen- 
tal system building block' (5). To start with, a decision is 
taken to influence the state of a system. The resulting state in 
turn acts as an input at the same decision centre. Resumptions 
which are in contraTention to the loop structure of system belittle 
its managerial significance . (6 ) 

insoff and Slevin (1) do not accept Forrester's point 
of view that all industrial systems are inherently infoimation 
feedback systems. it does not necessarily follow that all 

aspects of the firm are best studied by means of information 
feedback systems" (1). They suggest that "the appropriateness of 
information feedback view point should be determined on the basis 
of iiie relative influence of the feedback information on the 
decision in any given situation" (l ) . 

Forrester refutes the above observation with the help.' 
of an example (6). Various critics have asked that the genera- 
lity of feedback loop structure be proved.. To this Forrester 
says that, "This class is not subject to positive proof. Once 
the examples are given, .the only possible proof is negative. 

If one can show an important and purposeJPul decision which is- 
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not imbecled in a feed back loop structure then the generality 
is destroyed (6). 

A simplified feedback model of a production distribution 
system is shown in I'ig. 3.1. (^or the flow diagram symbols, 
refer to Appendix A). Hie solid lines in the block diagram 
represent flows of msterisl, the dashed lines represent flows 
of information and rectangular boxes represent storages of mate- 
riel or information. For simplicity cash flows and other assets 
or Kianpower end other resources are not included in the diagram, 
eilthoue,h such factors can be incorporated into such a model 
without conceptual difficulties. At the decision-points infor- 
mation regulates the rates of flow of material. 

A system can be thought of as a pipe line net work 
containing;, some storagiie tanks.- In effect the control decisions 
regulate the openine, or closing: of valves in the pipe line, thus 
decreasing, or increasing the rates of flow into end out of the 
storage tanks The important feature of such a system is Hiat 
it can be described in terms of three main elements ; storage^, 
flows and decision regulating the flows. 



22 



V SUPPIJ.ERb 
i 




PK 


' J. v j iSEi tl jLL' 

Rm 


\ 


/fesiEEDX 

I li'TVT.IOTOPY ] 


\ lETBT^ 




\ 


i. EAC TORY WORK 

I IF PROCESS : 
; EBTOL 1 


■ '■ j 

1 

1 

i 

( 

■J, 

r'.r' 

i/ 

j\|.'EAOTOEY 
/Kl'O WiiEFJ- 
! KOUSS TEA- 
* F&EER RATI 



aciytal WAEE- 
HOUSS IITE'il- 
■ TORY 

.. 

V'" 


T 




PIG. 3.1 : A S PEEEBj^CE MODEI CP 
PEODnCTIOE-DIS'rEIBCJTIGN SYSTEM 






23 


3.3 Industrial lynsnics as t. Theory of Structure : 

A system in‘','estigation ain:s to study its structure 
and its dynamic behavior. The twc are inten>;oven because it 
is the structure which produces the behavior, ”1.1). is a philo- 
sophy of structure in systems” ( 5 ). Industrial Dynamics embodies 
principles which relate structure to behavior. Listed below are 
the elements of a structure in heirarchial order ; 

1. Closed boundary 

2. The feedback loop as the basic system component 

3. Levels (the integrations of rates or accumulations 
of flows or states of a system) and Rates (the 
policy statements or activity variables or flows) 

4. Policy structure 
3 . 3*1 Closed Boundary - 

Closed systems are aa integral part of Industrial 
lynamics. The boundary of such a. system encloses all the elements 
hecessaiy to give it the intrinsic character. The system has a 
dynamic independence in the sense that the environment is indepen- 
dent of ary internal activity. The boundary of such a system is 
defined on the basis of following considerations ; If one is 
Interested in a particular mode of behavior the boundary must 
necessarily enclose these elements responsible for it. Thus 
for-, an industrial system, the boundary should and must enclose 
those particular aspects of 1he market, the competitors, and the 
environment ’wiiich are just sufficient to produce the behavior 
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under investigation. (5). 

5.3.2 Peedback Loops - 

Apart froia the boundary, the system is observed to 
be a network of feedback loops. One or more of the loops ere 
responsible for any single decision within the system. These 
loops interact to produce systeia. behavior. (5) . 

3 • 5.3 Levels and Bates - 

Levels are the variables generated by integrations 
of rates which at any instant define the state of a system and 
carry the continuitjr of the system from the present towards the 
future. Bates are the flow variables that are in turn dependent 
on the levels. The level and rate variables form a necessary 
and sufficient substructure of a feedback loop. (5) 

3 . 3*4 Policy Substructure - 

Yftiereas levels do not have any significant substruc- 
ture except for the rates flowing into them, the rate variables 
do have an identifiable substructure. The rate equations are 
the policy statements in a system; the rules vhich determine 
the state of the system. A policy substructure consists of : 

(1) the goal of the decision making process, (2) information 
required for the decision making process or the observed conSi- 
tion, (3) the discrepancy between goal and observed condition and 
(4) the desired action to rectify tie discrepancy. 

A system structure designed on the above principles .. 
sholiid be general i.o. applicable to all situations and be able 
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"to oig anise taiow ledge in order to explain or alter some 
specific characteristic (s ) (5). 

A basic model stmcture, used in industrial and 
economic models, is shown in Pig. 3.2. It contains all the 
essential features of a model structure viz levels, flow rates, 
decision functions and information channels liiat connect the 
decision functions to levels. The levels and rates are an 
Integral part of all the constituents of a system — men, money, 
material, orders, capital equipment and information 


PIG-. 3.2 : BASIC MODEL STHJCTDRE 


Decision function 


Plow channel 


■ >■' Inf ormatien 





26 


3 .4 Validation of Industrial D^nianilcs Models ; 

Industrial iK'-naitiics being relatiTely new science, 
it is felt that a few words be D.entioned. about model validation 
as applied to Industrial Djuiamics models. 

The significance of a model rests on how well it 
serves its purpose. The purpose of Industrial Dynamics models 
is to aid in designing better management systems. A model 
should be judged by the importance of 1he objectives to which 
it is addressed and its ability to predict the effect of system 
design changes. Validity of a model as a description of a speci- 
fic system should be examined relative to the system boundaries, 
interacting variables and values of parameters. The dynamics 
of a system is in gene ralSblatively insensitive to most of the 

parameters. The few to #iich it is sensitive will. be identified- 

by model tests; the values for the rest may however be chosen 
any -vdiere within a plausible range. Confidence in a model arises 
from a two-fold test - the validation of component structures and 
acceptability of overall system behavior. The complete model 
must be judged on the basis of system behavior : stability, 
periods of fluctuations, timing relationships between variables, 
and fluctua,tion .in amplitudes of system output - the variables 
that describe the general character of a system. The abrupt 
valuea of system-variables are closely related to the tine 
•phasing and periodicity. The details of the design can be 
validated by evidence and liirougii arguments justifying the 
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structure of each equation, the selection of system boundaries, 
its variables and interactions assumed between them. If all 
the necessary components are adequately described and properly 
interrelated, the model of the system must behave as it should. 

To design and justify a model, it is necessary to have a com- 
prehensive imowledge of the system. (4) 

Actual industrial systems differ markedly in the 
rapidity with •vdiich changes occur in prices, production rates, 
order flows, and other variables. The model of a system should 
show the same transition characteristics as the system. 

A dynamic system model should represent and predict 
the behaivior (e.g. profitability, stability of employment and 
prices, growth techniques, and typical phasing relationships 
between changes in variables) of the actual system. The ability 
of a model to predict the state of the reel, system at some speci- 
fic future time is not necessarily a sound test of model useful- 
ness. (4) 

Naylor and Finger (13) discuss the philosophy as 
well as methodology of the problem of model verification. The 
authors suggest a multistage verification procedure incorporating 
■the methodology of rationalism, empiricism and positive econo- 
irics. They further stress that the multistage verification is 
particularly applicable to- the verification of computer simula- 
tion models of individual systems* 
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Forrester (4) suggests a qualitative method of 

verification* He argues : 


„ "f® ■times encounter the attitude ttiat model 

nnmer ^ tSs h ^ ® numerical end quantitative 

ri^ /h ^ ^ Justifiable viien such a prepond ^ 

^t of humm knowledge is jji nonquantitative foMi i . .. 

ricH'sourcerin' me f n' 6 nnume. 

verboi -nd wnittrr Lo^ ^iividual personal knowledge and 

^ ^ritten descriptions, the defense of the model will 
usually rest cn the same kinds of knowledge". 

Due tc lack of formal quantitative procedufe for 


the verification cf the computer simulation model constructed ' 
■.^ere, the informtl, qualitative method of verification suggested 
by Forrester (4) was employed. It is tried that the indiridual 
expressions in the model have meaning in context to |he 
real system. All variables and parameters have ' conceptual 

ifig thc-t can be individually considered with respect to btie 
system. They are then checked against past incidents and 
experiences, and considered from the view point of what they 
imply under both normal end extreme circumstances. Thus after 
a critical analysis, one can form an opinion on Aether or not, 
a model suits its peorticular purpose. This should be considered 
as a necessary and sufficient requirement for model validation. 
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Industrial I^amics has wide nnd v-rrio i -. 

wiae and varied applications 

m majiagerial decision making? n.o ^ ^ 

mclcing. Closely treading the path shown 

by PpOlT * J «W, PCPT'P C:* 'f'A -v* -iv^ Ir^ * 

IS revolutionarj^ concepts were many 

a workers v4io looked up widely diver.. 

£Jy diverse avenues for application 

and improvement. 

'■■PPliea Industrial I)ynaMcs 

or mvsstigatlug, understmddrg e:ipertoantlne with ihe 
P-cesa oi ,oea aonieve^enta Ir a vertical:, irte.rated iir. 
aealin,: „rtn perishable ,ce,a. Bitler (5) .ea also iavai,ed in 
otudynt; perishable goods inventory but core frtn the point of 

«rhetlng - genand, supply and prices, fn econometric 
-■hiv on siHilar lines was conducted by Prato (14). 

, , on the importance 

of todustrial Dynmics i soce 

me s f e ° ond design of systems. 

^ o^osfactoiy results endorsed .sir claims, me ahcve appli- 

ations were mainly concerned wim perishable goods. ' 

^ Instances of application of Dynamics have 

oeen recorded in diverse >T.irico 

_ as noted along with i) Market 

y amics, (ii) Urban dynamics iiiY m i • • 

r , . industries, 

oonometric studies, v) Bssearch and development etc. 

ooncemed with modelli,^ Cf ^ 

inn industry - m particular a perishable ocmmodly industry. 
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MODEL EOBCrLATIOlir 

The model presented here is a sjmulation model, 
pramarily concerned with the analysis and identification of 
pertiment Tariables and parameters. Initially the boundaries 
of the system to be analysed are ascertained and subsequently 
various subsystems are recognised. After identifying and 
defining the total system, its boundaries and sectors, attention 
IS arawn to the functions of the individual sectors. This 

helps in building up a system simulation model v^idh emphasises 

on the relationship of the subsystems to each other and to the 
system as a whole. Thus, the goal of the modeling process - 

a valid representation of the system being analysed - can be 
achieved. 

hi the description to follow, first a general view 
of Hie entire system is presented, followed by detailed descri- 
ptions of the individual subsystems or sectors of the model. 

4.1 System Deserlpticn : 

33ie puipo.se of this work ie to examine the impact of 
various decisions at differerit stages in an orange industiy on 
the dynamic behavior of the system. Although in the model 
emphasis is given only on orange Industry, the analysis is valid 
for other fruits as well e.g. apple, pineapple, maigo,- etc. 
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Pig. 4.1 shows the varioua sectors of the model and 
the relationships between the pertinent vja’i&bles. Ehe rela- 
tionships between various sectors are represented by the ’’flows" 
connecting them. These flows tie together tirie material , infcxiaa- 
tion and decision components of the system stiuctiixe . The flows 
could be : flow of men, material, money, information. These 
flows accumulate to fom levels. Plows of information may be 
smoothed through a delay in action until the information forces 
an appropriate action. The level equations at any instant of 
time describe the condition or state of the system. The level 
variables carry the continuity of the system from the present 
toward the future and provide the information on which rates of 
flow are based.. The rate variables which represent the decision 
tions of the real system are the activity or flow variables. 
These rates, change the value of the levels. Simplifications in 
the formla.tions of the rate equations are provided by the use of 
auxiliary variables. ' 

To study the behavior of iiiiole orange industry, the 
industry is divided into four sectors, ^ ^ach sector in turn 
includes a number of stages. At each stage there are decision 
variables and state variables. The sectors with a description 
of variables and parameters e.re given below : 

(l) The Agricultural Sector : 

Variables Planting rate, total annual crop harvesting 

rate, sales rate to cold storage, total demand 
of oranges and price level, wastage of fruit 



32 



FIG .4.1 ; Flow OF MATEEIII. il'ID BIFORfT/.TIOH 
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at agriculture etc. 


Parameters 


lime for fructification, fruiting period, 
plentiAg period, index relatin^i price and 
demand, wastage factors, inventory turnover 
tine, etc. 


(2) Odd Storage Sector : 

Variables - Fruit stock in cold storage, fruit wastage, 

storage output rate, price level after storage, 
storage output back logs* 

Parameters- Wastage factors, storage charges. 

(3) Juice Factory Sector 

Variables - Fruit receiving rate at juice factory, demand 

of fruit from juice factory, demand of processed 

forms, processing rates, sales rates and price 
level etc. 

Pedometers - Ordering policy factor, juice content, seasonal 

factor, trend factor processing capacily, wastage 
factor, juice extraction factor, etc. 

(4) Fresh Fruit M^ket Sector ; ' 

Variables - Fruit purchases from cold storage, weekly sales. 

of fresh fruit to retail, retail sales rate to 
consumer, demand of fresh fmit etc. 

Parameters- ^easonaliiy factor, marketing chaiges etci 
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Parameter values eare either ba.sed on the available 

data or wherever the exnr>+ ^ ^ 

-c.to, ana the information for constants 

and panaaetera are not available, suitable values have been assumed 

within a plausible ramie. later on model sensitivity is tested 

tor different values of parameters. To study the model sensitlrily 

with respect to some of the important Parameters, some measures of 

model-effeotivenoss are Included in the model which are listed 

below* 

4.2 Measure_s _of Model-Sffect 1 . ' 

1. Total annual profit of : (a) orange growers 

(b) cold storage 

(c) juice factory 

(d) fresh fruit market, and 

(e ) orange industry as a whole 
• (s) price level at growers 

(b) price level after storage 

(c) price of juice tins, and 

(d) price of oranges at fresh 
fruit market 

: (a) demand/week during past year 

(b) Sales/week during past year 

(c) storage output back-logs/weelc 

(d) wastage/week of fruit at 
.agriculture sector. 

(e) wastage/week of fruit in 
cold storage 


2. Pluctuations of 


3. Average values of 
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4. Dynamic stability of the system. 

4.3 Selection o f Progra mming language for Simulation : 

There are at present several methodologies for 

s, 

programming Industrial Dynamics simulation models, 'DY¥MO and 
DOEDYIT being the most popular. The first, DYFiMO, is a language 
developed specifically for programming Industrial Eynamics models. 
Equation forms and special functions of the DYliMO are given in 
Appendix C. The second methodology DOEDYN is not a language, but 
rather a simulator, developed by Llewellyn (l1 ) for use on computer 
too small to accommodate the DYlIiFO compiler. POEDYII employs a 
set of subroutines written in standard FOETRjil'I IT to emulate the 
operations of the DYHAt'O compiler. 

DYNMO is used in this woik as POEDYN requires many 
more lines of coding to program a. model as compared to DYETAI/IO. 
POEDYE is a "last resort" designed for use when DYMIO is unavai- 
lable. Llewellyn himself advocates the use of DYlAMO; "The diag- 
nostic properties of DYM''0, most of which could not be built into 
POHDYl, are so powerful that a user vdio has a choice should 
compare the two systems carefully before adapting POBDYN" . 

The equation number is a three fold identification 
number which appears in two places; in the margin beside each 
equationjin the text of the thesis and in the model listing 
(Appendix d). The equation number takes the form : 

G - S - EE 

where C is a one digit chapter number, S is a one digit sector 
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number and ES is o. one cr two digit equation number within the 
sector. For example 4- -3-1 is the equation number for the 1st 
equation in sector 3 of Chfipter 4. 

4 .4 Mathematical Bepresentation of the Various Sectors ; 

1 . Agricultural Sector - Some - of the assumptions made for the 
agricultural sector are as follows : 

1. On an average, orange trees reach fructification 
stage five years from planting and yield fruits 
for fibout thirty years (is) 

2. The age of trees is assumed to follow a unifoim 
distribution at the initial state. 

3. Harvesting roite depends on the season and not on 
the demand. 

4. . The harvested crop is sold first to the cold 

storag-o. Itemnnds of the processing factoiy or 

is 

fresh fruit market^being met by the cold storage 
and not by tlrie growers directly. 

In order to keep track of the total crop TCROP ' ■ 
(annual potential crop), two rates have been used, Ihe first, 
rate of fructification of orange trees BPT, represents new trees 
just added to the total crop and the second, rate of orange 
trees becoming barren ROTB, represents the crop vdiich is lost, 

IL TCROP .K = TCROP. J+(I)T)(EPT.JK-ROTB.Jk)* 4-1-1 

61 TCROP = 900000^ 

* The reader unfamiliar with lynamo language is referred to 
the User's Manual by Pugh (l6) 
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Rate of fructification of orange trees RPT is equal 

2 

to nuaoer of orange trees planted 5 years eaxlier divided by 
number of weeks PDIC during vdiich plantirg was done in that year. 

44R EPT.Kl = (p1*7.k)(pPI*1.k)/FDIC^ 4-1-2 

where PPI is a planting period index car-train which takes a 
value of 0 or 1. Value ’1’ corre'spcnds to planting period and 
'O' to no planting. Initially, it is assumed that planting is 
done four times in a year, each time lasting for four weeks. 

Thus planting is done for 16 weeks in a year. 

35B PPI = B0XCYC(13,4) 4-1-3 

C PPI*=0/0/1/0/0/1/0/0/1/0/0/1/0 

C PDIC = 16 4-1-4 

Rate of orange trees becoming barren ROTB is calculated 
on tile assumption that an orange tree yields fiuit for about PP 
period and at time G, the age of the trees follows a uniform 
distribution (o,FP).ROTB is equal to total annual crop available 
for harvesting TACiffI divided by the product of RDlC and fruiting 
period PP of an orange tree. 


44R 

ROTB.KL = (R0TB1.k)(PPI*1.k)/PDIC 


2QA 

ROTB 1.K = TAG j'H.JK/lP.K 

4-1-5 


1. Total orange production in India in 1970 is 900,000 tons(l5) 

2. Vide assumption 1. 

3. In order to' elimiuate the initial value effect study of 
the model has to be carried for a period greater then 

7 years, Ohus to reduce the simulation period, 11*^2 is 
used instead of Pl*7 in order that the initial value effect 
is not felt after a period of 1 year itself. 
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The fruiting period FP of en orrn^-e trep nv, v, 

crdi Tree is on en average 

30 years with rsridoni fluctuations (is). 


7A PP.K = 30+ PP1.K 

33A PP1.K = (io) NOISE 


4-1-6 


Oie plaitins rate P of orer^o trees Is su* that it 
takes into account the number of trees that have becore barren 
and the chcUT^e in the demand from the previous year CDPIY. 

6H P.KI,= P3.K 

14 A P3.K=R0TB,JK + (dEP) (gdpiy.k) 

where IBP is a factor detemlnlng the effect of demend on planting, 
For initijiL run a value of 0.005"^ is assumed. 

C PE? = 0.005 

To keep track of total planting done in a, year-, a 
linear boxcar train Is used. The equations *lch calculate total 
planting in a yeax (pi*l ) sxe : 

37B ?1 = BOXLIN (7,52) 

?1 = BOXLO/O} (30000,1)^ 

P1*=1.E= SWITCH (30000, P11.E, THffi.K) 

?11K = iII5[6.E-?12.K 
P12.K - PUISE (aU26,X, 53, 52) 


36N 

49A 

7A 

41A 


planted over and above these for leplacins 
tile barren trees is equal to (52) (pEP) (cbeiy.k) ^ ^ 

I”"*"- 

y ch. and are based on the assumption No . 2 
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71 iiince.K = iUX5.JK + P.JK 

49B. iOrZS.KL = SY/ITCe (0,ri*1.K, TBffi.K) 

6N 111X5 = 0 

The change in deraand fron last year CTPTY is calculated 
by using a boxcar train. The -values in each of these cars are 
notliing but the total demand during a year TTIY. Average demand 
per week duritig -the last year IDIY is calculated by dividing 
TDIY*1 by averaging period AP of 52 weeks. 


71 

CPPLY.K = TDLY*2.K-TDLY*3.K 

4-1-10 

37B 

TDIY = BOZm ( 5 , 52 ) 

4-1-11 

36N 

TDLY = EOXLOID (900000, I) 


71 

TDLY*1.K = TDLY1.K - TI)IY5.K 


411 

TDLY3.K = PULSE (tDLYI.K, 53,52) 


491 

TDLY1.K = SWITCH (900000, TDLY2.K,T3ME.K) 


71 

TDEY2.K= STORE. JK + D..TK 


49E 

STOFiE.EL = S^.'^ITCR (0,TI)LYy1 •KjTIfffi.X) 


6S 

STORE =0 


201 

IBIY.K = TDI.Y*1.K/AP 

4-1-12 

61 

IP = 52 

4-1-13 

■vdiere D, the 

total demand per week of oranges, is calcu 

lated by 

incorporating EpBD, The effect of prices on the basic ^ 

demand BB 

of oranges. 
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B . KI = (BD . UK ) (EPBD .K ) 

4-1-14 

where basic 

demand BB of oranges is - Tby -the sum 

of -the 


basic demands of -the juice factory and fresh fruit laarket sectors 
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multiplied by a traiisportetion wastage factor. 

18H BD.KL = (tWP) (BDJT.JI'C + BBBP.JK) 4-1-15 

C Tm = 1.2 4-1-16 

ETBD, the effect of prices on the basic demand depends upon 
the price change ratio PCK, EPBD varies in the range of 1.5 to 
0.65. The relationship betvreen Fi?BD and PGR is depicted graphi- 
cally in i'ig.4.3 and is coded using a. table function.'^. 

58A EPBP.K = TAEHL(p-7T^', ?CR.ir,,5,2.5,.2) 4-1-17 

C DTP* = 1.5/1 .25/1/1/. 95/. 9/.85/.8/.75/.7/.65 4-1-18 

PGR, the price change ratio is the ratio of the price 
level PL in the current week and PLOLW, the price level of last 
week. 


20A 

PCE.K = PL.K/PLOLW.JK 

4-1-rl9 

6R 

PIOOT.KL = PI.K 

4-1-20 


Bie harvesting rate H of the crop depends on the 

harvesting periods of different regions. The harvesting seasons 

for 

of oranges is acccunted/by usii.g a harvesting period index HPI 
train which repeats the values after a. cycle of one year. Dae 
harvesting rate further depends upon the total annual crop avai- 
lable for harvesting TACiH which is nothing but total annual crop 
TGROP wiih random fluctuations incorporated. 


1. The graph shows that for ^ 10^ change in price, the demand 
is inelastic. Outside Ihis range, the effect is linear. 
Por large PGR value the effects are constant. Burther- 
more demand responds to the increase in price -at a faster 
rate than it does for decrease in the price.. 



EPBD or EPDJ 
or EPPP 
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PEMAtTD VS. PRICE (PVp) 



t 

I 

\ 


I 



PCR or PCR1 or PCE2 


PIG. 4, 5 ; ERIiRCT OP PRICES OR PE? VlID 



ElG.4.4 : EFFECT OF DFMIHD-SDPPIY IfITE::PjSCTIOR OR PRICES 
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7E 

41iv 

7A 

6Er 

18A 

33k 

35B 

C 

C 

44.A 


4-1-21 


4-1-22 

4-1-23 


TACiitl.KL - TAC/iH.JJl T/iCA 2 .K 
TAC.^.K = RTISE (TiiCiJ.K, 55,52) 

TACA1.K = TCEPl.K-TACiiH. JK 
TAC/H = TCEOP 

TCHFI.K = (TCEOP. k)(1+EF.k) 

EP.K = (.4) NOISE 
HPI = BOXCYC (13, HP) 

= * 2 /°/'° 5 /. 05 /. 05 /. 025 /. 025 / 0 / 0 /. 116 /. 117 /. 342/.2 

HP = 4 

4-1-24 

H.K = (taC/B.JK) (HPI*i.K)/fep 4-1-25 

The harvested crop goes to increase the inventory I 
with the fiirmer. The wastage during harvesting is tefcen into 
acccunt by a factor WFA, the wastage factor at agriculture sector 
Since the growers cannot store the oranges with them at the 

^ agricul- 

ture/due to longer storage (23) TJius from the crop inventory- I, 

some fruit is wasted PWG and some is sold to the cold storage at 
a sale rate S, 

20A HIS.K = H.K/^A 4-1-26 

C 7fPA =1.1 

4-1-27 

37B HOI = BOXim (6,1) 4-1-28 

36N HOI = BOZLO/iB (30000 , 1) 


1 These values ore based on the fact that Cooig and Nagpur 
are mam ^ ^ppliera cf oranges in India and on the basis of 
data available about the harvesting periods at these two 

p _L£lC0 o » 



6A HCi*i.k: = HIR.K 

53A ®CI.K = SUB^1 (6,HGI.k) 


4-1-29 


whei^ ffiCI is the total harvested crop in inyentoiy during last 

5 weeks. The equations, for crop inventoi^r calculations are as 
follows ; 


51Ft 

61 

14A 

7A 

7A 


I. KL = CLI?(I2.K,I1.K, PWGI.KjO) 
I = 80000 

II. K = 1. JK (dt) (hS.k) 

HS.K = HIE.K-S.K 

12 .K = I1.K - PWG.K 


4-1-30 


12A 

C 

7A 

7E 

41A 

7A' 

6U 

20S 


4-1-31 


4-1-32 


4-1-33 


The fiuit wasted with growers WG due to long storage ii 
given by following equations : 

56 A pwo.K = max;(ffigi.ic, o) 

MGI.K = (ttidlsg) (dippi.k) 

7DLSG = .4 

EIT?I’1.K = II .E - THCI.K 
TFWG.KL = TI7/G1.E - TFP'G2.K 
TWG2.ir - PULSE (TKFGI.IC, 53,52) 

TMGI.K = TPWG.JK + KG.J 
TEWG =0 

AP7U.K = Tm.JE/A? 

viiiere TEtG is the cumulative fmit wasted with grower in a year 
ana Aewg is the average fiuit wastage per week. 

The sales rate S to the cold storage is dependent upon 
the inventory at hand I and the demand rate D from the cold stoR 


4-1-34 
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S.E = M/X (SS1.K,0) 
SS3.K = Mil? (mS.K, D.jk) 
MS.K = I.JK/DT 


4-1-35 


4-1-36 


wile re MS.K is the raaximuin sales rate possible. 

Total cumulative sales from growers to the cold storage 
TSGCS during a, year and average sales/week from grower to cold 
storage ISGCS have also been calculated. 


TSGCS. KL = TSGC1.K - TSGC2.K 
TSGC2.K = PUISE(tSGG1.K, 53,52) 
TSGC1.K = TSGCS. JK + S.K 
TSGOS = 0 

ISGCS .K = TSGCS . JK/AP 


4-1-37 


4-1-38 


The price level of oranges at growers varies between 
two limits minimum price level lEPl and msocimum price level 
dlUFJj, xne price level change is accounted through a demand 
supply interaction factor SSP. 


54A 

56A 

C 

12E 

6S 

C 


PL.K = MBI (PL2 .K, StAXPl) 

PL2.K = MAX(pI1.JK, IIFL) 

MXPI = 5000 

PL1.KI = (Pl.K) ■ (psp.K) 

PI1 = 1000 

MPl = 500 


4-1-39 

4-1-40 

4-1-41 



46 


Demand supply interaction factor DSP depends upon demand 
and desired sales rate DSS. The relationship between the two 
variables is depicted graphically in Pig.4..4' jnd is represented In 
model with following function"', 

58A DSP.K = TABHL (PTO, DSR.K, .55, 2.05, .l) 4-1-42 

G PI®* = •65/.7375/.825/. 9125/1/1/1. 075/1. 15/1. 225/1. 30/ 

1 . 375 / 1 . 45 / 1.5 4--)-43 

XI 25/1.6/1.675/1.75 

DSE, the demand and desired sales ratio, is given by; 


20A 

DSR.K = D.JK/DS.K 

1 

X 


The desired sales rate is equal to i 

a fraction of total 

inventory with growers 


20A 

DS.K = I.JK/TT 

4-1-45 

e 

TT = 5.5 

4-1-46 

whei'e TT 

is inventory turnover time , 



The weekly profit of orange growers 

WPOG is obtained 

bjjy the product of a profit margin PPTG with 

a weekly sales 

revenue . 

Total annual profit PROG- is also calculated. 

7R. 

PEOG.KL = PEOGT.K - PB0G2.K 

4-1-47 

41A 

PR0G2.K = PUISE (prOGI.K, 53,52) 


7A 

progi.k = prog.jk + TOOG.K 


13A 

WPOG .E = (PEPG ) (S .e) (pL.k) 

4-1-48 

611 

prog = 0 


c 

11 

* 

0 



Dhe function is similar to that used for E* 
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Sector : The ijoherent assumptions made In this 
sector one as follows : 

1. Every week, a fraction of total oranges tliat had been 

in the cold storage for a period of 12 weeks and more, 
goes waste (9). 

2. Back logs of orders are fulfilled before new orders 
are me t . 


The amount of fruit stock in the cold storage at any moment 
will depend upon the storage input rate SIR, the output from the 
cold storage SOE and the cold storage wastage IIWCS. 


51E 

MCST.KL = CLIP (MCST2.K, 

MCSTI.K, MW CSI.KjO) 4-2-1 

6 E 

MOST = 10000 


14A 

-MCSTI.K = MCST.JE + (dt) 

(ssor.k) 

7A 

SSOH.K = SIR.K - S0R2.K 


20A 

SIE.K = S.K/TWP 

4-2-2 

7A 

MCST2.K = MCSTI.K - W^CS, 

K 


where mCS is the material (fruit) wasted in cold storage in 
a week. , To calculate IffWS it is assumed that if the fruit stays 
in the cold storage for more than 12 weeks'^ (known, as safe 
period - SP), a fraction TOPS of it goes as a waste. 


Material and fruit are used interchangeably in the text. 
Vide assumption 1 
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56 A 

MV/CS.K = MM (ffiYCSi.K, o) 

4-2-3 

12A 

M’?csi.K= (dipb.k) 


7A 

D1PP.K - MCSTI.K - TSISP.K 

4-2-4 

C 

?miS = 0.2 

4-2-5 

where TSlSP is the total storage input during the 

safe period 

SB. The 

storage input values for the safe period 

are stored in 

a box Car 

and from them TSISP is determined. 


37B 

SPI = BOXHN (l3,l) 

4-2-6 

36 E 

SPI = BOXIOAD (20000,1) 


6A 

Syjlfl.K = SIE.K 


53k 

TSISP.K = SIJmi(13,SPI.k) 

4-2-7 

C 

SP = 12 


Tne following equation^ compute the cummulative (iWTOS) as well 


as the 

average (AKRtCS) ^ru it wastage per year in cold 

storage ; 

7E 

TM7/CS.KL = T)VTCl.K-®/PTO2.E 

4-2-8 

6E 

TWOS = 0 


41A 

TMWC2.K = PUTSE (MrCl.K, 53,52) 


7k 

TMlilfCl.K = HynpGS.JK + MWCS.K 


20S 

AMWGS.K = fflWCS.JK/AP 

4-2-9 


The storage output rate SOB fiom the cold storage is 
determined from the total demand of fruit D and the fruit consu- 
nied in meeting backlogs PCBO. The output rate is constrained by 
the availability of fruit in cold storage MGST. 

SOE.KI a S0R2.I 
S0E2 .K = S0E1 .K + EGBO.E 


Ik 


4-2-10 
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54A SOR1.K = MIN(S0R3.Kj D.JK) 

7A SOR3.K = MCS0?.JK - RCBO.K 

The storage output rates for past 12 weeks is stored 
in a box car— train SORC from which the tota,l output during the 
past 12 weeks is determined. 

37B SORC = BOXLJE (l3,l) 4-2-11 

361 SORC = BOXLO/R (16000, l) 

6 A S0RC*1,K = SOR.JK 

53A TSOSP.K = SUmi (i3,sorc.k:) 4-2-12 

Backlogs are met soon as material is available in 


SR 

61T 

SoitiKl = SOB.JK + B.JK-PCBO.K-SORI .K 

SOB = 0 

4-2-13 

12A 

PCBO.K = (bOMI) (pCBOI.k) 

4-2-14 

54A 

PCB01.K=M1U (MCST.JK, SOB.JK) 


C 

BOMI = 1 

4-2-15 

#iere BOMI 

is the backlogs meeting index. BOMI equal 

to one 


indicates that backlogs are being met if possible. Total storage 
output backlogs as well as average storage output backlogs over 
a year are computed by the following equations ; 

7R TSOB.KL = TS0B1 .K - TS0B2.K 4-2-16 

41A TS0B2.K = PULSE (tSOBI.K, 53, 52) 

7A TS0B1.K = TSOB.JK + SOB.JK 

TSOB = 0 

^20S A50B.K = TSOB,JK/ig ^4-2-17 

* otorage output backlog SOB in a period is given by its value in 
the preceding period plus increase in the backlog for not 
meeting the present demand less the fiuit consumed in meeting 
backlogs PCBO. 
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One of the measures of model effectiveness is the 
average value of cold storage inventoiy ACSI in a year. This 
is calculcited from tlie following equations t 


7A 

TCSI.KL ^ 

= TCSII.K - TCSI2.K 

4lA 

TCSI2.K : 

= PUI8E (TCSII.K, 53,52) 

7A 

TCSII.K : 

= TCSI.JK + MGST.JK 

6N 

TCSI = 0 


20S 

ACSI.K = 

TCSI.K/AP 


4-2-18 


4-2-19 


The price level after storage PLiS is a product of 
price level PI charged by growers and a storage charge factor 
SCP (#iich includes the profit of the cold storage). The SOP 
values are based on harvesting seasons - during the main harves- 
ting secs on, SCP teices a value of 1 so that PMS is equal to PI, 

of 

This takes into account /the fact that the fruit from agricul- 
tural sector can also be sold directly to fresh fruit market or 
juice factory (as contrary the assumption) Fo. 4 made in 
agriculture sector. 

12A PIAS.K = (SCP^I.K) (pI.k) , 4-2-20 

4-2-21 


35B 

C 


SCP = BOXCYC (l3, 4) 

1 

SCP* = 1/1 .2/1 .15/1.15/1 . 15/1 . 175/1 . 175/1 .2/1 .2/ 


1.084/1.083/1/1 

Ihe, weekly profit of i±xe cold storage IPGS is equal 
to the product of profit factor PP and the total receipt for the 


SCP values are based on HPI values. 


1. 1 T. KANPUR 

CEIV’TRAL LiaiARy 


Aw* Nf A 22656 If 



52 


week TKO?; minus total payments for the week TPOW minus 


total we 

ekly losses due to the fruit wasted TIL in the 

cold 

storage 

because of long storage. 


7E 

PRCS.KL = PEGSI.K - PRCS2.K 

4-2-22 

41 A 

PRCS2.K = PULSE (PECSI.K, 53,52) 


7A 

PROS 1. K = PROS. JE + YJPGS.K 


6N 

PEGS = 0 


19A 

•.7PGS.K = (PP) (tROW.K - TPOW.K - OTL.K-O) 

4-2-23 

C 

PE ='0.20 

4-2-24 


v^ere riiCS £:iTes trie annual profit figure for the cold storage. 
Total receipts for tile week TRO^s' is equal to storage output rate 
S0n2 ffiultipliedby the price level after storage P LAS. 

12A TEOr.K = (S0n2.E:) (PI/.S.K) 4-2-25 

Similarly, the total pajnnents for the week (T'^^OW) is 
the product of sales input rate SIH and the price PI, chaiged by 
the growers. 

12A TPOY/.K = (SIL.K) (PL.K) 4-2-26 

Tote,l weekly losses TWL is equal to the money value 
of the fruit wasted in a week due to long stay in cold storage, 

12A TWL.K = (mWCS.K) (pL.K) 4-2-27 

3« Juice Factory Sector : Juice factory sector has been modelled 
under the following assumptions : 

(l) The word 'Juice’ includes all processed forms of orange 
like squash, jam, maimalade, jelly, etc. and 'juice 
factory' includes the factories rendering the above 
'processing' facilities. 
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(2) Out of the total factory hours, some hours are spent 
for other fruits also, 

(3) The juice content of oranges does not vary in the 
Course of 12 weeks (called as safe period - Sp) vhen 
kept in cold storages. 

( 4 ) The ba^ic demand cf the processed forms is assumed to 
exhibit a normal distribution. This demand of orange 
:iuice is incependent of the demand of 1he fresh fruit 
market. 

( 5 ) This sector gets priority over the fresh fruit market wilh 
respect to supply of fruits. 

(6) If material in stock is more than demand, the latter is 
met in full. Otherwise, demand is met in part, 

( 7 ) On an average 10^- of the total orang;e production is 
processed every year. 

haw oranges are purchased from the cold storage, 
concentrated and cannect in this sector before they are sold to 

the retail stores. Ifetailers sell tlie processed forms to the 
consumers. 

The fruit receiving rate at juice factory sector 
PEEiJP is computed from the total storage output rate S0E2 and 
the basic demand of juice factory BDJP. 

PERJP.KL = PHRJI.K ■ 4-3-1 

PEBJ1.K = MU (bdJP.K, S0E2.I) 


54A 
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PE. 4. 6 : Plow OP r/TERIAP, INPORM/TION, MOHEY & ORDERS 

IN cRJICE PiCPOEY SECTOR 




She basic demand of the juice factory BDJP is 
based on the difference of demand of juice tins (in terms of 

tons of oranges) DJTBI and the fruit stored in the juice fac- 
tory MSJP. 

56A BDJP.K = MAX (AUX20.K, o) 

18-'' AUX20.K = (OP)(dJTP1.K - MSJP.K) 

20A DJTPT.K = DJTFR.K/JC 

TAiiere OP : an ordering factor 
JC ; Juice content . 

An ordering policy is considered #iere the ordering 
quantity is equal to twicq of the difference of demand of 
oranges from juice factory DJTP1 sector and fruit stock in the 
juice factory MSJP. 


OP = 2 


4-3-3 


The juice content JO is assigned a Talue of 0.5 


viiich is the average juice content value of oranges (9), 


JC = 0.5 


4-3-4 


The quantity of fruit stored in the juice factory is 
determined by two rate^ ,: first, by fruit receiving, rate at 
juice factory PREJP - an input rate; and second, by concentrate 
production rate at juice factory CPRJ2 - an output ratd. 

II; MSJP.K = MSJP.J + (dt) (pRRJP.JK - CPRJ2.K) 4-3-5 

61T MSJP = 125 


The demand of juice tins DJTPR is calculated frcm 
a normally distriluted demand pattern USP, a seasonality factor 
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SP, a trend factor TP and the effect of price changes. 


56 A 

DJTPR.K = MIX (DJTP2.K, O) 

4-3-6 

12A 

DJTP2.K = (DJTC.K) (epDJ.K) 


12A 

DJTG.K = (]\CDP.K) (SP*1.k) 

4-3-7 


EPDJ is the effect of prices on the demand of juice 
tins. It depends upon the price change ratio PCE1 of Ihe juice tins 
prices. The relationship between EPDJ and PGR1 is same as that 
is used for calculating the total demand of oranges (pig.4.3)* 

58A EPDJ.K TitBHL (DVP, PGRI, .5, 2.5, .2) 4-3-8 

20A PCR1.K = PliCTR.K/PLJT.JK 4-3-9 

Moving demand pattern MDP is given by a noimal 
distribution with en average value of AVGD and standard devia- 
tion of 100. The average value of ATCD is changed by a trend 
factor TP vhereas standard deviation is assumed to be constant 


throughout. 



34 A 

MDP.K = (l ) NOEMHR (iT/OD. JK, 100) 

4-3-10 

6E 

AYGD.KL = (AWtF.JK) (TP) 

4-3-1 1 

6R 

AVG-D = 1000 


C 

TP = 1.001 

4-3-12 


The seasonality factor SP accounts for seasonal 
change in demand. A cyclic box-car train is used to determine 
SP values, 

35B SP = BOXCYG (l3,4) 4-3-13 

0 SP* = 1.1/1.A9/.9/.7/.6/,5/.7A9/1./1. 1/1. 3/1.1. 

PUT is -the price of juice tins in Ihe previous 


week 
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6R PLJT.KL = PIjCTR.K 4-3-14 

Hie concsntrate production rate CPRJP is governed by 
the fruit available for juice production Mi\PJP, the maziraum 
rate MR (capacity) of concentrate production and the juice 
extraction factor JEP. 


12R 

CPRJP. K1 = (CPRJ2.K) (JC) 

4-3-15 

12A 

CPEJ2.K = (cPRJI.K) (jEP) 


54A 

CPRJ1.K = M1N (liAPJP.K, me) 


C 

JEP = 0.98 

4-3-16 

C 

MR = 1500'^ 

4-3-17 


The fruit available for juice production MiffJP is 
computed from fruit stored in juice factory MSJP multiplied 
by a wastage factor WP. 

12A MAFJP.K = (WP) (MSJP.K) 4-3-18 

C WP = 0.9 4-3-19 

The concentrate produced is then canned . 

Thus the juice waiting for canning at juice factory JWOJP is 
given by ; 

1L Jf/CJP.K = JIHJP. J +(dt) (CPRJP.JK - CRJP.JK)4-5-20 

6H JWC JP = 75 

The canning rate at the juice factory CRJP is based 
on JITOJP and the canning production capacity CPC. 

54R CRJP.KL = MIN (CPC, JWCJP.k) 4-3-21 

C CPC = 1500^ 4-3-22 

1&2 These figures are" based oh the assumption that present 

processing capacities are sufficient to process 10^ of the 
total orange production in a year (vide assumption No.?). 
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The level of ct-mned tins in juice factory depends 
upon the cenning rate GEJF and the sales rate to retail from 
juice factory SERJF. 

1L CTJP.K = CTJF.J + (dt) (cnjP.<nc - SEEJI'.Ji:) 4-3-23 

6N CTJF = 5000 

The sales rate to retail from juice factory SREJE is 
the minimum of DJTPE and the CTJP. 

54E SEEJP.KL = MIH (dJTPE.K, CTJP.k) 4-3-24 

These tins are stored in the retail stores before 
they are sold to the consumers for consumption. The retailer 
stock of juice tins is given by tins in retail stores TRS. 

1L TES.K = 'TBS.J + (dt) (SERJP.Ji: - SERS.JK) 4-3-25 

6E TRS = 1000 ' 

where Sl-iES is the sales rate from retail stores to the consumers. 
The calculation of SEES is similar to that of SERJP. It depends 
upon the tins in retail store TRS and the demand of juice tins 
DJTPR. 

54R SEES .KI = MUI (trS.K, DJTPE. k) 4-5-26 

The price level of canned tins PICTE is based on 
the total cost of juice tins TCOJT and a profit factor PPTC over 
total cost TCOJT. 

12A PLCTE.K = (pPTC) (TCOJT.e) 4-3-27 

0 PPTC = 1.30 4-3-28 

The total cost of juice tins consists of juice content 
cost JGC, manufacturing cost MG and the overhead cost factor OHP. 
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18A 

TCOJT.K = (OHF) (mC + JCC.K) 

4-3-29 

C 

MG =1000 

4-3-30 

C 

O'lF = 2 

4-3-31 


The juice content cost JCC is the price of oranges 

changed to 

the juice factory by the cold storage 

divided by 

the juice' 

content of oranges JC 


20k 

JCC.K = PMS.V'JC 

4-5-32 


The profit of tlie juice factory is equal to the 

difference 

cf 'the sal.eE value and the total cost 

. Profit figure 

over a yea 

r is calculated as one of measures of model effective- 

ness. 



7R 

PRJF.KL = PEJF1.K - PEJF2.K 

4-3-33 

41 A 

PRJF2.K = PULSE (PRJFI .K, 53, ,52) 


61 

PEJF = 0 


14 A 

PEJF1.K = PKJF.JK + (DT) {aUI 7.k) 


13A 

aux:7.k = (.30) (tcojt.k) (serjf.jk) 



4, Fresh Fiuit Market Sector : The assumptions made in modeling 
this sector are listed below : 

1. The fruit for direct sale is obtained only from the 
cold storage, 

2, The demand for ihe fresh fruit follows a normal 
distribution. 

The fruit distributors purchase fruit from the 
cold storage and sell it to ; the retailers. The retailers 
further sell the oranges to •the consumers. The fiuit purchase 
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rate from the cold stors^e is equal to the storage output rate 
SOE minus the fruit received by tlie juice factory EERJI. 

7E EPRCS.KL = S0E2.K - 7ERJ1.K 4-4-1 

This forms a fruit stock for direct sale PSDS with 
the distributors from vhere weekly sales of fresh fruit to 
retail stores are made. 

1L ISDS.K = ISDS.J + (dt) (pPECS.dX - WSPFR.Jl) 4-4-2 

6N PSDS = 14000 

The weekly sale of fresh fruit to retail is equal 
to fresh fruit purchase rate from the cold storage delved by 
one week. 

6R WSRT-E.KL = EPRCS.JK 4-4-3 

The retail store stock of fresh fiuit ESSR is 
dependant upon the input rate WSRPR and the output rate RSRC, 

1L ESSR.K = RSSR.O + (DT) (WSRPR.JK - RSRC.JK) 4-4-4 

6N RSSP = 1000 

where ESEC is the retail sales rate to cmsumer. It depends 
on the consumer demand of fresh fruit CEPP and the retail shop 
stock of fresh fruit ESSP 

54H ESRC.KL = MUT (CDPP.K, ESSP.k) 4-4-5 

The consumer demand of fresh fruit OEPP comprises 
of the basic demand of fresh fruit BEPP and the price change 
effect on this demand PEEP. 

56A CEPP.K = Mix (CEPPl.K, O) 4-4-6 

CDPP1.K = (BEPP.K) (EPEP.K) 


12A 



The relationship between the effect of price on Ihe 
demand of fresh fruit is given by the Fig.4.3and is included 
here with the help of s table function. 

58A EPDF.K = TjiJBHL (D¥I?, PCE2.K, .5, 2.5, .2) 4-4-7 

20A PCE2.K = PIPP.K/PPPLW.JK 4-4-8 

Vvhere PCR2 is equal to the ratio of price of fresh fruit lia- the 
current week and the price of fresh fruit iti the lest week, 
PLPP is equal to the product of the price level after storage 
Pla'iS and the marketing charges factor MOP* 


6E 

PPPLT'.KI = PLPP.K 

4-4-9 

12A 

PBPP.K = (mop) (pLAS.K) 

4-4-10 

C 

MOP = 1.15 

4-4-11 


The basic demand of fresh fruit comprises of the 
moving demand of fresh fruit MDPP and a seasonal factor for 
fresh fruit SPPPD. 

12E BPPP.KL = (MDPP.K) (SPPPD^I.K) 4-4-12 

35B SPPPP = BOXCYC (13,4) 4-4-13 

C SPFPD^ = .9/.7/.7/.7/.7/,9/l./l.l/l.2/l.3/l.5/l.4/l 

The moving demand of fresh fruit MBPP is assumed to 
exhibit a normal distribution with a variable average value 
AVG-PP and a standard deviation of 1000. 

34A MDPP.K = (l) lOEMKN (aPGBP.JK, 1©00) 4^-4-14 

AYGDPisthe average demand of fresh fruit having a 
trend incorporated in it. 

12R ATGBP.KL = (aTOBP.JK) (TP) 4-4-15 
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AVGBP = 15000 



CH/sP'EET! Y 


HESULTS /KD DISCUS RIOFS 

Th.is Chapter deals with system simulation results. 
Interpretation and explanations follow the discussion of resultSt 
Recommendations for further work are given at the end of this 
Chapter. 

i study of the behavior of a system involves investi- 
gations pertaining to the effect of changes in the variables and 
peraneters with respect to time. Thus an outline of ihe behavior 
of the variables is presented in this Chapter. The exogenous 
variables e.g. .demand, planting and harvesting’ periods etc., 
incorporate seasonality to a,ccount for the seasonal nature of 
oranges. As one would expect this seasonality in exogenous 
variables gets reflected into endogeneous variables.. This claim 
is justified by the nature of the various graphs shown in 
fignres 1 to 49 (Appendix C). 

5*1 CYSTBi EI-HAVIOR 

'There are four pertinent variables In any production- 
inventory system - Demand, Sales, Inventory and Price -levels. 

In the present study demand is an exogenous variable. 
Demand is characterised by an upward trend witi a 'super -imposed' 
seasonal factor. Further random noise is imposed on the demand 
which is also affected by fluctuations in prices . The total 
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deiiiend of orerig,es is a sum total of the demands from juice 
factory sector (bdJI') and fresh fruit market (BD?F). Figures 2,4&5 
depicts tile total demand and the demand of sectors ( 3 ) and ( 4 ). 

Inventory adjusts itself to demand and consequently 
the seasonal pattern of inventory (Fig. 2 )• Inventory reaches 

a zero value during some periods when harvesting is nil. Ihe 
various inventories (i.e. Crop inventory I, Cold storage inijen- 
tory MOST 5 juice factory inventory of fruits (msjf) and fresh 
fruit mgirket inventory (FSI 6 ))are shown in figures B.J'oS. 

Further the seasonalily effect present in demand and 
available inventory gets reflected in the sales rate at various 
levels are shown in figures Z+c**®- 

Price level (pl) depends on demand (d) and supply I 
i.e. an exogeneous variable D and an endogeneous variable I. It 
is aillowed to vary between plausible maximum and minimum limits. 
Vvithin these limits PI shows a cyclic nature as expected. The 
variations in the four price levels - Price level after storage 
(PIAS), Price , level of canned tins (piCTH) and Price level of 
fresh fruit (pIFF) incorporated in the model, are shown in 
figure 1 . 

To summarise, the pertinent variables described above 

behave more or less as expected, without sudden breaks, jumps 
to 

etc. testifying validity of the model. 
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I'urthermore an examination of figur^^23 reveals that 
the system is not able to meet demand in full from the cold 
otorty^e and therefore the backlogs (aSOB). These backlogs are 
increasing continuously. This situation can be explained by the 
fact that the total demands outrurs Supply .T£ i» Snly remedy is to 
increase the suppl;' of orangies. 

Planting rate has been modelled to follow demand (p) 
and number of trees becoming barren (pOTE). The vaniation in 
planting rate shows a cyclic nature with a period of 13 -vieeks 
(Pig.Z ). 

Harvesting rate also portrays a cyclic nature showing 
th£<,t harvesting is done in only certain periods of the year, 
this is also dependent on the effect of weather conditions 
(a noise) on total annual crop available for harvesting (taCAH^, 

Wastage at the cold storage is ^lery little as compared 
to the wastage with the growers. Large wastage with growers is 
due to the fact that harvesting of crop is concentrated in a 
period whereas demand is comparatively distributed over the year. 
T-ereiore large amount of fruit is carried over for more than 5 
weeks - the safe storage period at the field. On the other hand 
in cold storage where fruit can stay in good condition without 
deterioration in quality for 12 weeks, negligible quantity of 
fruib is carried over beyond a period of 12. weeks. 
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5 . 2 I'liOD EI SE^TSITIVITY TO T^E 

System behavior due to veriation in four parameters 
is studied. Parameter values used in the initial run and in 


subsequent simulation runs are given below. 


ilation run 

Inventory 

turn-over 

time 

TI 

Wastage factors 
■^TDISS 

Backlog 

meeting 

index 

BWI 

Demand effect 
on planting 

DEP 

Trend 

factor 

TP 

Initial run 

5.5 

0*2 and 0.4 

1 

0.005 

1.001 

ilaristion in 
ET 

m 

o 

0.2 and 0.4 

1 

0.005 

1.001 

Variation in 
DT 

6.0 

0.2 and 0.4 

1 

0.005 

1.001 

!lo wastage 

5.5 

0.0 and 0.0 

1 

0.005 

1.001 

Backlogs are 
lot met 

5.5 

0.2 and 0.4 

0 

0.005 

1,001 

Demand does 
lot effect 
planting' 

5.5 

0. 2 and 0.4 

1 

0 

1.001 

Jo trend in 
iemsnd 

5.5 

0.2 and 0.4 

1 

0.005 

1 

^Step input 
bo demnaid 
laving no 
brend 

5.5 

0.'2 and C'.A 

1 

0.005 

1 


1 this run a step input to demand is given. Eurther it should be 
rted that there is no trend in the demand. 



67 


The systems behavior corresponding to the initial 
simulation run has been described in the previous section 

The effect on ^"stems behavior due to variation in four 
parameters is discussed below. A comparison of system behaviors 

i0 made between tfee initial aissalation van md 

tion runs . 

Varia tion in the Value of Inventory Turn-over time TT 
(Simulation run No,. 2 and 3) 

With increase in TT the price changes very rapidly. A 

study of figures 7-fo (8 reveal that in the12Cth week, for values of 

i'T equal to 5 weeks and 6 weeks the price level per week increases 

by Rs., 30Cy(to Fs. TOClqrespectively . Similarly for values of TT 

equal to 5 weeks and 6 weeks the 104"^^ week shows price level 

per week decreasing by Hs. 525/ and Es.300qrespeetively .. This is 

/ / 

explained by the fact that as TT increases the desired sales rate 
(Db) decreases. This increases the factor DSP and as a consequence 
of which price changes rapidly with time. Profit however shows a 
decline with increasing values of TT (Table 5*l) other variables 
including inventory remain unaffected by changes in TT within 
the selected range. 
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TABIE 5-1 

EFFECT OT"' me PEASE OP TT* 01 PROFITS 

•7 

(profit values are in x 10^ p/year) 


TT a i 



[” 

( 

PROG 

1 

X 

PECS 

Year I ^ 

r J 

h 1 

1 ^ 

! 

! 5.5 

f 

» 1 

if; 5 R 

L " J = 

f r 

r f 

; 5.5 i 6 

_i .._j - 


1 486.23 504.08 523.37 146.92 150.40 153.94 22.33 27.05 31.235 

2 568.16 589.28 628.03 180.71 182.91 190.63 23.31 25.39 29.846 

3 551.91 578.98 620.78 168.26 178.40 191.73 26.539 31.250 35.118 


TABTE 5.1 (CONTI).) 

TT "I ^ 1 ■“ 

(week.)! 1 _ 

Year t ^ | ^-5 { ^ 1 5 


122.02 

124.48 

130.08 

203.13 

209.14 

215-.14 

120.65 

127.24 

131.68 

249.92 

259.79 

273 .87 

130.93 

133.39 

136.04 

235.27 

245.04 

265.00 


* Inventory Turnover Time 


PPFF 

I 1 

5.5 I 6 
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=.2 toi 


'TOTS =^2fn)IS 


,-»-lj’ ggQ*0XTOISG=.4 j|TOTSG=0 ^TO T.S S=.4 |TOI SG-=0 |'DLSG= . 4 |toISG=0 


1 150.40 144.31 

2 182.91 182.20 

3 178.40 174.05 


124.48 

102.08 

209. 14 

127.24 

103.83 

255.79 

133.35 

127.40 

245.04 


207,67 

27.057 

23.929 

248.29 

25.393 

30.751 

238.59 

31.250 

21.416 
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TABIE 5.3 

CASE OE I OPT SAIEB 

j. I TMOI I PROG 


X 10^ Tons/Week v x 10^ Rs/Ye er | x 10^^ Rs/Yeer 



1 B®I=1 

} B0MI=0 

1 

1 B0MI=1 

; B0¥l=0 

1 

1 B0MI=1 

; B0WI=0 

t 

1 

12.183 

12.444 

504 . 08 

505.34 

150.40 

150.40 

2 

13.06 

13.214 

589.28 

589,29 

182.91 

182.91 

.3 

11.69 

12.342 

578.98 

581.74 

178.40 

178.40 


TABIE 5.3 (C onto) 


PECS 

6 y 

X 10 Rs/Year 

T 

PEJB 

X 10^ RsAear 

j PEEP 

i X 10® 

SsAear 

B0MI=1 

T 

1 

T 

H 

B0MI=1 

i BCMI=0 

f 

C ' 

1 B0MI=1 ; 

B0MI=0 

27.057 

27.090 


124.48 

124.48 

209.14 


210.36f 

25.393 

25.403 


127.24 

127.24 

259.79 


259.79 

31.250 

30.702 


133.39 

133.39 

245.04 


248.34 


3 
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TAEIE 5.4(a) 

EFFECT Of TP AFP STEP imiT OF SYSTPi'-^ 
VARIABIES 

■T 

(All velues are in x 10^ Tons/Week) 





A = Sudden change in 

average 

demand 


Year 

I 

TDIY 


1 TSCtCS 

~1' 

ASCtCS 


1 TP= 

1 1.001 

I 

1 TF= 

; i.,oo 

1 

1 

f 

1 TP= 
',1.00 
i with A 

r 

A t 

1 'Pp’r: 1 'PPrr 

1 1.001 ; 1.00 

1 

V 

TP= { 

i.oof 

JwithA| 

! 

T?= ^ 

1.001 ; 

f 

T 

1 

TP= 

1,00 

I 

Jwith A 

I 

t 

f - 

1 

1052.3 

1029.3 

102 9.3 

r 

786.48 779.19 779.19 

14.713 

14.594 

14.594 

2 

1109.1 

1031.5 

1107.2 

830.20 791 .27 833.99 

15.531 

14.826 

15.606 

3 

1154,2 

1019.8 

1093.2 

748.75 706.72 

731.40 

13.931 

13.191 

13.625 


TABLE 5.4(a) (COETD.) 


Year 

T 

1 1.001 

ACS I 

T 

f 

mm 

1 

X 

ASOB 


1 TP= 

! 1 .00 

I 

! TP=1 { 
[with A 1 

Tp= ; 

1.001 ! 

1 

TP= 1 TP=1 1 TP= I 
1.00 [with 4 1 1.001 [ 

1,00 [with A 

1 

12.133 

12.099 

12.099 

186.92 

190.78 

190.78 175.3 

170.16 

170.16 

2 

13.068 

12.495 

13.107 

197.41 

234.06 

200.99 411.4 

383.43 

398.84 

3 

11.690 

11.084 

11.449 

79.89 

124 .CO 

90.88 446.0 

377.0 

421, <59 


* Trend Factor 
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TiBIE 5*4(b) 

EI'PECT OP TP APTD STEP I>JPUT OF SYSTEM 
ViPJiBIES (pRQT^'iTS) 

6 

(All values are in x 10 PiS / Year ) 

A =Sudden change in average demand 



J 

T'PPOI 


1 

PHOG 

1 PEGS. 



Year 

1 TE= 

i TP= 

1 TE=1.i 

0 ( TE= 

; TP=: 

;te=i.oI tp= 

; TP=r 

;te=i.o 


1 1 .001 

\ 1 .00 

Jwith A 

1 1.001 

: 1.00 

Iwith A 1 1.001 

! 1.00 

Jwith A 

1 

504.08 

502.40 

502.40 

150.40 

148.03 

148.03 27.057 

26.88 

26.88 

2 

56S.28 

558.14 

587.16 

182 . 91 

172.83 

181.60 25.393 

24.687 

24 .994 

3 

578.98 

514.58 

568.68 

178.40 

155.96 

169.31 31.250 

27.6 90 

30.774 


TJ.EIE 5.4 (b ) (COFTD. ) 


Year 


1 

2 


TS’=1.001 

PEJF 


1 

1 TP= 1.001 

PEEP 


f 

; Tp=i.oo 

I 

! TP=1.0 
jwith 4 

i 

f 

f 

; TE=1 .00 

J TP=1.0 

J with. 4 
r 

124.48 

127.53 

127.53 

209.14 

206.59 

206.59 

127.24 

121.49 

131.14 

259.79 

244.39 

255.45 

133.39 

123.58 

142.67 

245.04 

215.02 

234.65 


3 
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Ko .yfa ste ge (Simulation run 110.4) 

It is assumed that there is no v/astage at the growers 
or in the cold storage. This results in. an increase in the cold 
storage inventory (/,CSl) and the total sales from growers ("iSGCS) 
as shown in Table 5.2. However, with increased inventory at all 
stacGS price levels go down considerably. Thus although sale is 
more the effect of decrease in price is more predominant and the 
total profit shows a decline. The fluctuations of various inven- 
tory levels (l, MOST, MSJP etc.) are shown in Figures 19 to 24; 

Back logs are not met (Simulation run Ho. 5) 

This is a case of lost sales (Figs. 25 to 30 ). The inven- 
tory at cold storage increases but not appreciably. Total profit 
shows a small increase attributable to the fresh fruit market. 
Since the variation in profit at various sectors is either zero or 
negligible the overall profit show's negligible increase in its 
value (Table 5.3). 

Demand does not a ffect planting rat e (Simulation run Ho. 6) 

The only change observed in the results is that the 
planting rate has decreased (Figures 31 to 36 \ The new planting 
rate replaces the trees that have become just barren and is not 
affected by demand. The effect on other variables such se total 
annual crop (taC 4H), harvesting rate (h), and inventories is 
indicated in the results. This: is due to the fact that simulation 
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W8S carried for the period of 3 years onljf whereas planting 
effects these variables after a period of 5 years approximately. 

I'l o trend i n demands (Simulation run No.-d) 

The results of this simulation run a,re described in 
Tables 5.4 and 5.5. Due to decrease in demand the total annual 
sales ha\e decreased significantly resulting in high wastage with 
grow'ers. Growers inventory I shows an increase while the cold 
storage inventory MOST shows a decline . /verage storage output 
backlogs iSOB decreases due to lower demand (Figures 37 to 42). 

Step input to demand with, no trend (Simulation run No. 7) 

The demand is given a step increase at the end of one year. 
Throughout the run it is assumed that there is no trend. Compa- 
ring: the results of this run with run No. 6 one finds that the 
total annual sales from growlers (tSGCS) have increased (Table 5.4). 
Fruit wastage at growers has decreased significantly due to 
increase in demand. The behavior of important variables due 
to a. step input to demand are shown in Figures 39 to 48* The 
fcotfl profit is increased due to increase in the profit at all 
sectors (Table 5.5). 



CHAPTER VI 


smmm, coNcinsiuHS ahd recot..™ehdatioi3S 
EOR FURTHER ^''ORE 

The purpose of the worlr, as described in Chapter I, 
was two-fold. I'irst, an attempt was made to develop a model descri- 
bing the systems behavior of a perishable commodily industiy and for 
this an Industrial Dynamics methodology was made use of. The ether 
purpose of tie work was to make a sensitivity analysis with respect 
to the parameters of the system. Results indicate that the model 
vexiables expose a behavior, in keeping with the expectations 
testifying to the validity of the model. The system is found to be 
sensitive to inventory inraover time (TT) but is insensitive to the 
factor (DEP) representing effect of demand on planting. Increased 
demand gives better system perfonnance in terms of higher profits 
and low wastages. However^ the inci>ease in back orders increases 
customer dis-satisfaction. System performance is - not much 
improved by allowing for lost sales. Greater customer satisfaction 
results with a reduction in wastages, v*.ich, however, does not 
necessarily imply increased profits, as the price level drops wiiii 
increasing inventories. 

The formulation, validation and subsequent improvements 
of a large complex system is an onerous and a lengthy underteking. 
However, one of the attractive features of simulation is that the 
flexibility allowed in the eons tract ion of the siaulation model 
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permits a corresponding flexibility in the use of the model. Ihe 
model proposed for the system of an orange industry can be used for 
any other fruit as well displaying similar characteristics. 

The same model can be utilised to study the behavior of 
a non-perishable commodity also, as was done in the case of the 
run with no wastages. The model can further be used to gain insight 
into the areas of policyipformulation or for altering structure in 
order to improve performance. 

There are several avenues for the extension of the 
presented work. One of such avenues may be to make an attempt to 
relax sorae of the assumptions of the above model. !Por example, 
distribution and transportational details can be added in order to 
improve upon usefulness of the proposed model. Incorporation of 
intangible variables like - quality deterioration, customer satis- 
faction end possible technological breakthroughs would yield a mors 
realistic picture of the system. 
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APPENDIX A 


into a decision the diagram carries 
a pointer to the pertinent equation. 

1. PLOWS indicate the medium 

in which the dynamic behavior 
is being reflected 


2. A lEWEL portrays an accumula- 
tion created by a delay 
separating the flows into and 
from the level. Ihe equation 
number linking the diagram to 
the equations is in the 


INDUS TRIAL DYNAJ/IICS 

used in Industrial Dsmamics 

It 

decision (rate) function* 
between the factors entering 
equation numbers T;diich is 

MATEEIAIt 

... DTPOKIATION 

ORDERS 

^ PERSONNEI. 

CAPITAL 

. eoUIPICERT 

MONEY 
. RATE IN 

i 

! 

i' 

! LETEL I 

RATE OUT 


PLOW DIAGRAII SYMBOLS FOR 

The system of symbols 
show the existence of the interrelationships in the system, 
discloses what factoris entor into each 
For the specific nature of interactions 

the 


lower-right comer. 
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3. A BATE equation determines the 
rate of flow within tlie model. 

Refe equations are tiie decision 
functions 

4. AUZIllARY VMIABIES are used to 
simplify the formulations within 
the model. 

5. PARAIvYjEE;RS are the values assumed 
constant for the simulation run. 

6. Exponential lEIAYS are a combina- 
tion of levels and rates of flow. 

A OEEER DEMY function 

contains three levels with in -tor- 
connecting rates. In the bax 

^3 indicates a third order delay 
D1 would indica-te a first-order 
delay. 

7'. B0XC4RS : For many purposes invol- 
ving historical situations, it is 
desired to segregate past informa- 
tion. For this ei-tiier a linear or 
a cyclic ’boxcartrain* is used, 

'Ihe symbol contains -the name , type , 
number cf box care al«ig wx-tii the 
equation ntuaber and lifting interval 
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8. SQJBCE and SHIES are used to mark 


the boundary of the model. 





IPPEIDH B 


SCAI.BTG lETTEBS* 


There are several instances when uses a single 

letter following a numberto indicate the sealing W¥A¥0 has applied 
to that number. One such instance occurs in the tabulated results 
v^hen the user has specified the scaling, and the number with that 
scaling exceeds 5 significant figures. Under these circumstances 
BYi'TAliO replaces the fifth digit with such a scaling letter. These 
letters have the following significance : 


Ie_tt_e_r 

Multiply Printed or 

Consider Value 


Results by 

Expressed in 

A 

o 

> 1 

thousandths 

B 

10^ 

billions 

C 


octillions 

D 

V 

>r\ 

O 

— 

dec ill ions 

E 

10^ 

-9 

millionths 

F 

10 ^ 

billionths 

G 

10”"'^ 

trillion ths 

H 


quadrillion ths 

J 

10-'S 

quintillionths 

K 

10-50 

(off scale) 

L 

lO"^*' 

sextillionths 

iil 

10^ 

millions 

I 

o 

nonillions 

B 

10^^ 

septillions 

Q 

10^5 

quadrillions 

E 

lo"'^ 

trillions 

S 

10^^ 

sextillions 

T 

1o5 ■ 

-thousands 

U 

10-2^ 

septillionths 

V 

10*'® 

quint ill ions 

■ W 

10“^'^ 

octillion-ths 

X 

■ ^ :i"- : ' 

units 

y 

O 

1 

O 

nonillionths 

Ah' ■ 

1055 

(off scale) 

* Reproduced from Use Pugh(l6). 
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- X" -)f X 1C it X- “)c X- X" it X -^s- "A- 7C X“ X- T'r Xr -iX it it it X X- •)(“ X- it it it 


agriculture ScCTOR 


mot 
VOl ^ 

^'QT c 

\!0l E 

XJ’i 
‘^IGT L. 
vr T E 

\;0T - 1 TOM-1 ^,ETPIC TOfvi -lOv.v^KG ^i.v_^(..v^.)L-v^-x-x^5X'X-XrXX-X“XX-xx-x-x 

\icr’" 

To T A L CROP 

TCROP--K = TCp,OP»J+(t>T) (RFl .JK-POTBoJK) 

TCROP=90^^O0 

R FT c KL= ( P 1 ^«-2 o K ) ( PP K ) / FD I C 

PPI=B0XLYC(13,4) 

ppU!=O/0/l/G/C/l/O/0/l/R/v-/l/^ 

FDIC=16 

ROTBoK-L^IROTBIoK) (PPI‘'1oK)/FDtC 
ROTB1c.K = TACAH, JK/FP oK 


TAk 

10 f. 

TA 

33A 

jotf 

TOTE 

bR 

LAA 

37B 

36N 

A9A 

7A 

Al,\ 

7A 

A9R 

6!'' 

N'" IE 
NOTE 


FPcK = 30 + FP1 c K 
FPl o K= ( 10 ) NO ISE 


planting rate 

* * .;f .Jf -x -X * -X -X * W * -X- X * X X X X X -X- X X X X -X X X X X 


P „KL=P3cK 

P3oK. = ROTBoJY+(DEP) (CDFlY .<) 

DFP= „005 
P1=B0XLIN (7,52) 
p i=boxload { 300^0 5 1) 

P1x1oK=SVIITCH{ 3U000 ,Pll“K ?T1 MEoK.I 
PlloK=AUX6oK-Pl2cK 

Pi2oK = P’-^LSE(AUX6oK ’53552) 

AUX6 oK=AUX5o JK-^-Po JK 

AUX5oKL = SWITCH ( G ,P1"';-1 ® K’T IMEok- ) 

AUX5=0 


CDFlY<.K = T0lYX2'>K~TDlYx3oK 
TDLY=B0XLIN(5,52) 


i-1-1 

A-1-2 

A-1-3 

A-l-A 

A-L-5 


A-i-*7 

A*~l — 6 
4^1-9 


change in demand DFTWEE}' last TWn 

*^.X-XXX'5'‘XXXXXXXXXXXXXXXX';'-XXXXX-XXXX 


YF/ ^S 

A-i-lO 

A-t-il 
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36N 
7 A 
AlA 
49A 
7A 
49 2 
6 ^i 
2 nS 

C 

NOTE 

1 '^ vj T E 
12R 
18R 
C 

58A 

C 

20A 

6 p 

NOTE 

note 

7R 
41 A 


C 

4-4 ^ > 
2^t- 
C 

37C 

36; 

6 A 
53 ■ 
NC‘ E 
IMG . E 
51 ' 
6 ^' 

1 4 “-s 
7;'., 

7A 

NO I'E 

NO’"E 

56/, 

12A 

r 

7 A 
7R 
41 
7A 
6 r^ 
20 .., 


TDLY = B0XLCAD { OrvCOOO ? 1 ) 

TDLYi^loK = TDLYl oK-TDlY3=.K 

TDLY3oK = PULSE(TDLTlt.K5 53;. 5?) 

TDLYl'>!< = SWITCH(9COCOO?TGLY2t.K?TlMEoK) 

TDLY2 = K, = STo'’Eo JK+SoJK 

STOpEo k:L = SWI TCh ( OjTDlY^I ^ K, ? T ImE oK ) 

.ST0RE = 0 

ADLYoK=TDLY*1»K/AP 
A P = 5 2 

DENAND total 

-A- * ir ^ if * -it- * -Jr * * -X- * * * -x- * w * * * if * -X * * * if if if if * if 


A-l-T 2 
A-l-' 13 


if 


DoKL=<BDoJK) (EPBD:>i<) 

BDoKL=(TWF ) ( BdJFoJK + BDfF JK) 

TWF*lc,2 

EpbDoK=TABHL(DVP5pCRoKso5?2e59o2) 

DVPif = lo5/lo25/l/lYo95/o9 / q85/o8/'a75/o7/u65 
PCRoK=PLoK/PLOlW„ JK 

PLOLW„KL = PLoi< 

harvesting 

•X- -X- ^ ^ -j':- -X- 7 ^- -X- -)f -X- 7X- X- -)f -X- -X- -X- X- -5^ -X- * X- 

TACAHoKL=TACAHo JK+TACA2oK 

TACA2oK=PUlSE ( TACA1oK?53 ,52) 

TaCA1cK=TCRP1oR-TACAH»JK 

tacah=tcrop 

TCRP1oK={TCPOPoK) (1+NFoK) 

MFcK=( o4) noise 

HPI=B0XC.YC(13,HP) 

Hplif=o2/0/o05/o05/o05 / o025/o„25/,A/0/on6/fll7/o342 / <>2 
HP = 4 

H<.K=: {TALAHc JK) (HPI^1<^K )/HP 

HIRoK=HoK,/WFA 

WFA*1c 1 

HCI=B0XLIN{6»1 ) 

HCI = BOXLOAD( 30,>00»1 ) 

HCIifloK=HlRoK 
ThCI oK = SUMl (6 ,HCIoK 5 

CROP inventory 

if* if if if if if if if if if if * if if if if if if if if if if ic * if * if if if * if- * 

I oKL=CLlP ( I2“K s I sFWGI oK >0) 

I =80000 

I1oK=IoJKo(DT ) (HS oK) 

HS&K~HIRo K-^S o K 

l2oK=I loKnF JGaK 

Fruit wastage at grower 

if*****if-)fififififififififififif->fif-5fif-if-^-if-*<"*^----*-^'^-*^- 

FW6<,K=MAX(FW6loKiO) 

FWGioK= (WD lSG) (DIFFIoK) 

WDLSG=o4 

DIf-'FloK=IloK-THCI oK 
TFWGoKL = TFWG1„K--TFv'1G2oK 
TFWG2. K=PUlSE ( TFWG l o Y 9 53,52) 

T F V;G i o K = T FWG c JK-+-F WG o K 

t f w g “ 0 

AF Wg o K = T FWG o J Y / A P 


4 * 1 1 ^ 
4 - 1 - 1 5 
4-1-16 
4-1-37 
4-1-16 
4-1-17 
4-1-20 


4-1-2 i 


4-1-22- 


4-X-2S 


4-X-24 

4-1-26 
4-i-2T 
2 B 




4-1-31. 


4-1-31 


4-1-32 


4-1-33 


4-1-34 


56A 
5AA 
2 ^ A 

r 

4 1 A 

17^ 

5M 

2‘'5 

K '. .i\ 


SALES 

*-;{•***** ^ -» * -» * # * * ■» •};- * -j'- -K -;<- * -!«■ ->f- -?;- * * -a- * * 


SuK^L'AX ( SSI ->'. ,0 ) 

SS1oK = MIN(mSoK sD. JK ) 

MS.K = K JK/Dl 

T S 6 C S c K L = T S G C 1 „ K - T S G C 2 . K 
TSGC2oK = PL'Loi£( T^GCl „ K :> 53 , 52 ) 
TbbCl.K = TSGCScJ!<+Sc !< 

TSGCS=0 

A5GCS„K = TSGCS>, JK/AP 


p L o K =M I M ( P L? o 9 MAXP L ) 


153 


PRICE level 

-X- -X- -X- -)c- -X- -x- -Xr ^x- -Tc -^e > -x- ^x- -jf- -^c- r- -x- -;f -)(- - r -x- -jX- -)f 


5 C /■ 

P L 2 0 rC = [■•■; A X ( F L 1 o J K 9 M p L ) 

C 

MAXPL=50^^ 

1 y . 

PLloKL= (PLcK) (DSFoK) 

t ■ 

r’L 1 = 1000 

c 

!’PL*500 

5?/-> 

ASP .K = TABHl(PVD9DSRoK 

r 

PVD*=o6p/c,7375/o025/o 

XL 

25/1 „6/1o675/1c75 

2 ^ 'i 

Df RoK=Do JK/DSoK 

A A 

DS^K = SWr TCH ( 1 9 DS 1 cK 9 D 

2 'A 

DS1<,k=IoJK/TT 

C 

TT=5„5 

pr TE 

PROG 

N' TE 

-7 f-K 

f . 

PP0GoKL=PR0G1=K-PR0G2 

4 1 

PROG2.->K=PUlS£(PROG1oK 

"7 

PROGloK=PROG. JK+WPOG. 

13 \ 

viPOG«K=(PRFG) {S„K.) (PL 

6 - 

PROG=0 

C 

PRPr,= o 10 

\] y p 

L'l'l E 

Cold storage sector 

NGTE 

NOTE 

note 

51R 

MCbT„KL=CLIP(MCST 2 oKH 

6 N 

MCST=10000 

lAA 

MCbTloK=MCSTojK+(DT ) (• 

7A 

SSOPoK=SIRoK-SOR 2 oK 

20 A 

SIRoK=SoK/TWF 

7A 

MCST 2 0 K=MCST 1 „ E“MWCSo 

NOTE 
NOTE 
56 A 

MWCS 0 !< = MAX ( mWcSi 0 K 9 ) 

12 'L 

MWCS1cK=(WDLS) (DIFFoK 

7 A 

DIFFoK=MCST^o<^^TSISPo 

C 

WDLS = 0o 2 

37d 

SFI=B0XLIN{13,1) 

36 N 

SFI=BOXLOAD(200009l) 

6 A 

Sr I*1 oK=SIRoK 

53/0 

TSISPoK=SUhi ( 139SFI oK 

r 

SP = 12 


PROFIT OF orange GPOWEPT 

7X i'r -X- j'r -X- -X- -X’ -X- -?(- 'X -x- X X X X X X 4 - X X X X X X X X -y- 


4- 

4- 


4- 

4 - 

4- 


4 *. 

4“ 


4- 

4*-- 

4- 


4 - 

4“- 

4- 


FRUIT IN COLD STORAGE 

X X -X- X X X X- X -X- X X- X -X- X- X X X X- X X X X X X X- X X x- X XX X X X 


h<AT Wasted in cold stor/.ge 

** -Sf -!!- -if. *** -^^^ * -it **->«■*■# ^5- ***«-•?(- -K- * ■Jf' ^4- ** * 


A- 


A- 


A- 

A- 

A- 

A- 


1-35 

1-36 

1-37 

l-32> 

i'Sq 

l-i^o 

1-411 

i-43 

t-44 

1-45- 

1-4g 

1-47 

1-40 

1- AS 

2 - 1 

2-2 

2-3 

2-4 

•2-5 

•2-5 


A- 2- ’7 


4^2* -3 


70 

6^' 

4 A 

7A 
2^S 
NOTE 
NOT F 
6R 
7 A 

5 4 
7 A 

3 7 L*j 
36“' 
6-'- 
5r.A 
N’TTE 

note 

9P 

6N 

12,^' 

C 


6 

2 T 6 
M.-iTE 

note 

I'vlO T E 

7R 

41/, 

7A 

6M 

2 0 o 

NOTE 

NOTE 

12A 

35B 

C 

note 

NOTE 

7R 

41A 

7A 

6 N 

19A 

C 

12A 

12r. 

12 A 


T vJ C S <NC L = T M VJ C 1 o k' - T VI C 2 o K 
TMWCS=0 

T Mk'C2o K = PUlSE ( TmVJCI „ K » 53 , 52 ) ^*54 

Tm vVC 1 o K = Tm WCO „ J k" +MWC S o K 
A M C S o K = T M W C S 0 J K / A P 4-2- ^ 

storage OUTPUT RATE 

******* -is- * -X-* ***** -S/ * -{c *•}/**** if -}/ * 


S0RoKL=S0R2oK 
S0R2 cK = SORl cK+FCbOoK 
PORI o K: = ivl I N ( SOP 3 K 9 D o JK ) 
S0R3.,-K = ACST ^Ji'^FCBO.K 
SORC = BOXLI^| ( 13 9 1 ) 
SoRC=BoXL 0AD( ,1 6000 9 1 ) 
SORC*lcK=SCPo JK 
TS0 SPoK=SUm1 ( 135 SORC 0 K) 


SObo KL = SOB., JK+Do JK-SORl oK-FCBOoK 
S0B=0 

FCBOoK=(BOMI ) (FCBOloK) 
FCB01 oK=MIN (MCST 0 JK 9 SO 80 JK) 

BOM 1 = 1 


TS0BoKL=TS0B1oK-TS0B2oK 
TS0B2c!< = PUlSE { TSoBI oK 9 53,52) 
TSOBloK = TSnB» JK-fSOBo JK 
TSOB=0 

ASOBoK=TSOBcJK/AP 


4-2-tO 


4-2- i f 


4-2*' 1:2 

storage OUTPUT BACKLOG 

•Jf ‘)f -X- -)f -X- -jX- ^ ^ Yc -Jf -X- ^ -X- ^ -;X- -x- -Xc r- -Jf ^X- -X- 

4^2^13 


4-2“ 

TqTAl storage nUTpUT BACKLOG 
**-**************************->**** 

4-2-l^> 


4-2- i .7 

total Cold storage invel-tory during 
THIS year 

**********************-!(■********** 


TCSI oKL = TCSI1oK-TCSI2oK 4-2-12) 

T CPI 2oK=PUlS£ (TCPI1oK»53?52) 

TCSI1oK = TCSI» jK-f-MCSTuJK 

TCSI=0 

ACS I oK = TCS I o J k/Ap 4-2—15 

PRICE level after STORACE 

***** ****************** * ***** ****** * 


PLAS<=K=(SCF*1oK) (PLoK) 

SCF=B0XCYC(13,4) 

SCF*=1/1o2/1c 15/1 o 15/ io 15 / 1 o 175/1 c 175/1 o 2/ 1.2/1 o 084/1 ^083/ 1/1 
PROS PROFIT OF COLD STORAGE 


4-2-20 

4-2-:2 1 


* * * * * * * * * * *********************** 


PRCS.KL = PRCS1„K-PRCS2oK 4-2-2;2 

PRCS2oK=PUlSE(PRCP1oK'»53 9 52) 

PRCSloK = PRCSa jK-(-WPCSoK 
PRCS=0 

WpCScK={pF ) ( TpoWoK-TpOW = K-TWL.oK-« ) 4_2-:2,3 

PF = 0o20 4-2- XI 

Tr0WoK={S0P2oK) (PLAS.K) 4^2-^5" 

Tp0WoK=(SlRoK) (PLoK) 4-2-2.6 

TWLoK=(MWCS»K) (PLoK) 4-2- 2^7 


JUICE factory sector 


illTE 
m-TE 

m;JE 
mjTE 
imUT E 

6R 
54 A 
fioTE 

note 
56A 
lOA 
2 • 

C 
C 

note 

NOTE 

IL 

6N 

MOTE 

NOT E 
56 A 
12A 
12A 
68A 
r.OA 
34 A 
12R 
6 "' 

C 

3 An 
6 ■ 

N-^TE 

MOTE 

12R 

12A 

54A 

C 

C 

12A 

r 

IL 

6M 

note 

NOTE 

54R 

C 

IL 

5N 

NOTE 
NOT E 
5 4 P 

IL 


FRRjFoKL = FpPJl 

FpRJlo K = MIM ( dDJFoK 5S0R2“K ) 




FRUIT RECEIVING RATE AT JUICE FACTORV 

^ ^ ^ ^ ^ ^ ^ -X- -K- * N 

4-3 ■ 


BASIC DEmAnD From rvViCE FACTf^RY 

^ .; 5 . ^- * * * * ■«■ ^ ¥r * * -JS- -S' * * * 


BT JFoK = MAX ( AUx2CcKf 0) 
AUX2 UcK= (OF) ^DJTF] ..K-MSJFoK) 

DjTFI oK=DJTFRoY/JC 

OF = 2 
J C ”■ o 5 


4-3' 2. 


4-3-3 
6-— 3— 4 

Fruit stored im juice F/CTory 

MSJFo!< = MSJFoJ+ (DT ) (FRRJFo JK-CPFJ2t- J) ^ 

MSJF=12B demand OF JUICE TINS FpOM RETAIL 

DjTFRoK = M.AX(DjTF2o!<»C) 

0jTF2oK=(DjTC„K) (EPDJ.K) 4-3'g 

DJTCoK= (MDPoK) (SF*lcK) 4-3-2) 

epDjoK = TABHL(DVP5PCRloK» ..5?2o5»o2) 4_3-<J' 

4-3 '(0 
4-3'U 


4-S'(^ 
4-3'- L3 


4-3 


- 1 


PCRl oK=PLCTRoK/PLJTo JK 

MDP<,K=C 1 )NOPMRN(AVGD<.JK5 100) 

AVGDoKL= ( AVGD. JK) (TF ) 

avgd=io^o 

TF=1o001 

SF = BOXCYC( 13»4) wi i 

SF^=1o1/1»/o9/o9/o7/o6/o5/o7/o9/„o/1o1/1o3/-°1 

PLJT.KL = PLCTR.K JU^CE FACTORY 

^{. -X- -K- * -K- * ■^ ******* ^"^ ** * 

CPRJ'FoKL= (CPRjZoK) ( JC) 

CPRJ2oK= (CPRJloK) ( JEF) 

CPRJ1oK=MIN (MaFJPoKsMR) 

JEF=o98 
MR=1500 

MAFJPoK=(WF) (mSJFoK) 

WF=c9 

JWCJFoK=JWCJF„J+(DT ) (C pRjFoJK-CpJFpJ'O 

canning RATE AT JUICE F/.CTpY 
w.* AX *•)!■* -x-*** ************** *^'^'^'‘^** 

CRJFci<L=MlN(CpC,jWCjFoK! 

CpC=150O 

CTJFoK=LTJFoU+(DT ) (CRJFo JK-SRRJFoJK) 

CTJF=500„ sales rate Tq RETAIL FROM JUICE FACTO^' 

pf-* ****************** ***T-********* 

SRRJFoKL=MIN<DJTFRo!<>ETJFoK) 

TrSoK=TrSo j+IDT ) (SrrjFo JK-S pRSo JK) 

TRS=1000 


4-2 -1 6 
4-3-17 
4-3-18 
4-3-19 
4-3 -ZO 


4-3-21 

4-3-22 

4—3—23 


4-3-2^ 


r 




8 A 


;gTE 
OTF 
'R 
flA 
iN 
l4A 
! 3A 
^lOTF 
■'OTE 
slOTF 
'in 1 E 
<L‘ i E 

r 

LL 

S 

^CTE 

■^OTE 

SR 

LL 

SN 

vinFE 

WTF 

54P 

)6R 

L2'A- 

3 e A 

St'A 

>R 

L 2 A 

V'-T E 

mctr 

12F.’ 

35L 

C 

34'' 
IZ"’ 
6R 
7R 
41 ■-> 
6R 
14 ^ 
1 " - 
9S 


bRP.S..KL = MIN ( TpScKtDjTFRoK) 


PLCTR oK= ( PFTC ) ( T COJT oK ) 
PFTC=1 o30 

TCOjTol<=(OHF) ( MC+JCCoK ) 
MC=100^ 

0HF = 2 

jCCoK — PLASoK/ JC 


PKJFcKL = PRJFl,i<-PRJF2oK 
PRJF2oi< = PULSE(PRJFloK»53 5 52) 
PPJF=0 

PRJFloK = PRjFojK.+ (DT) (AUXToK) 

AUX7oK= ( o30) (TCOJToK) <SRRJF = JK.) 
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SALES RATE FROM RETAIL .'TORE 

-X- ^ -X- -5^ -X- ^ pX- -X -X- 7r “X* X- -X* -)f -X- X- -X* -Jf- -X" -X* -5$* p'c -5?- -X- -X- 

4-3-26 

price level of CANNED TINS Ff'OM pFTATL 
■«■ * * * * * * •» * * * * -;*■ -X- * -X- <- X- •» * * * 

4 »“ 3 * '27 

4-3-28 

4-3-29 

4-3-30 

4-3-31 

4-3-32 

PROFIT ANNUAL 

* -X'- **■)(- -«■ * * * -X- «• * * * * ■!;- * -SS- * ¥■ * -X'- -X- X- ■)?■*** «• * * 

4-3-33 


Fresh fruit market sector 


Fruit purchasing r„te ftom golf> storage 

■Jf fc -X- ^ tc -x- -x- ^ -X- -x- -X- X- X- X X X X X X X X X -X X -»(- X P'^ 7^^ Xr X X X 

FPRCSoKL = S0P2oK-FRRJ1oK 
FSOSoK=FSDSoJ+{DT) (FPRCSo JK-WsFFr.JK) 


FSDS=1400^ 


weekly salES of fresh Fruit to retail 


WSFFRoKL=FppC5c JK 

rSPFoK = RSSFoJ+(DT) (VJSFFRoJK— RS pGoJK) 


RSSF=1000 


rSRCoKL=MIM(CDFFoK?RSSFoK) 
CDFFoK = MAX(CDfF1oK ?0) 
CDFF1oK=(BDFFoK) (EPDF.K) 

EpDFoK = TABHL (DVPjPCrZ^-K^oSjZoSs- 

PCR2oK=PLFFoK/PFFLWc JK 
PFFLWoKL=PlFF„K 
PLFFcK=(MCF) (PlASoK) 

MCF=1o15 


retail s^les To Consumer 
******************^****^****-’'‘'*****'^ 

4-4- $ 
4-4-6 

) - 4-4-7 

4-4-3 

4-4-9 

4-4-10 

4-4-11 

BASIC DEMAND OF FRESH FRUIT 

*************** -;'■********* 


BDFFoKL=(MDFFoK) {SFFFD*1oK) 

SFFFD=BOXCYC( I3s4) 

SFFFD*= c9/o7/o7/o7/o7/o9/1o/1o1A1o2/1o3/1o5/1o4/1, 
MDFFoK= ( 1 ) NiORf-'>P.N ( AVGDFo JK 9 200^) 

AVGDFoKL=( AVGDF oJK) (TF) 

AVGDF=15000 

PRFFoKL=PRFF1oK-PRFF2oK 


4-4-12 

4-4-13 


4 - 4-14 

4-4-1? 

4—4— 1 f- 


PRFF2oK=PUlS£(PRFF1oK933952) 


PRPF=0 

PRFF1oK=PRFFoJK+(DT ) (AUX loK) 

AUXloK=( ol2 ) (PlFFcK) (RSRCoJK) 

TPROI oK=PROGo JK+PRCSo JK+PRJFo JK+PRFFoJK 


} 

J:-' 1 1 ) T ACAH/ 2 ) AC^ 1/3 ) ASQB/ 4)TMwC':3/5)AM'WCA/6)TDlY*i/7)TppoI/8!!^RFF/o)PP. 

|:: JF/10)PL/11)P1_CTR/12)PR0G/13)PPCS 

ir ;.\iT 1 ) TSGCS/2)ASGcS/3 )TDlY*2/4)TFWG/5)AFW6/6)THCI 
ilft pl=p/plgtr=l/puff=f/pla^=s 

ipL;';T P = P/H = H/D = D/S=:S/ I = I 
IpLCT MCST=M/MWCS=W/SOR=0 

i'plpt FRRJF=F/8DJF=B/MSJF=M/DJTFR=D/SRRJF=S 
IPloT FpRCS = F/FSDS = S/WSFFp = w/CDFF = C 
jpLOT SrRS = S/TrS = T/DJTFR = D/RS&F = F/RSPC=:C/CDFF = A 
jsptC DT=l/LENGTH=l6n/PRTpER=52/PLTpER=4 
huN BBC A AC 

iC TT = 5 

'p'JfJ bbabab 

C TT=6 

3U!M BBAABC 

note demand does not effect planting rate 

C DEP=0 

PUN BBCBAB 

"'ote no wastage 

C. WDLSG=0 

C 1WDLS=0 

■J!-^ ebcbaa 

'■OTE back logs are NOT MET 
C BOM 1=0 

'--.'M SMKAPR 

N^TE there is no TREND IN DEMAND 
C TF = 1 


APPENDIX 6 


definition of model Variables 


acronym 

DEFm I T I ON 


UnITS oF 





measure 

NO. 

agricultural 

SECTOR 




TCROP 

total annual Crop 


TONI 

A-1- 1 

gf 

growing per 10 


years 


RFT 

rate of Fructification of orange 

Trees 

ToNS/WEEk 

4-1-2 

PDI 

dlANTInG period index 



4—1—3 

"‘Die 

FACTOR determining PLANTING DURATION 

WEEI'S/YEAR 

4-1-4 

rotb 

rate at which orange Trees become 

BARRFnToNC /week 

4—1—5 

FP 

fruiting period 


years 

4-1-6 

P 

planting rate 


tons/week 

4-1- r 

0 EP 

demand effect on planting 



4— ( - 8 

cdfly 

change IN demand FROM LAST YEAR 


Tons 

4-1-10 

tdly 

total demand during last year 


Tons 

4-1-1] 

ADLY 

average demand duping last YEAR 


Tons 

4-1-1 2 

AP 

AVERAGING period 


WEEKS 

4-1-13 

D 

TOTAL DEMAND 


tons/week 

4—1' 14 

bD 

BASIC demand 


Tons/week 

4-l-'15' 

TwF 

TRANSPORTATION WASTAGE FACTOR 



4-1-16 

LPoD 

effect of Price change on bask demand 


4-1-1^ 

jV'P 

demand price table 



4~i- la 

^CR 

price change RATIO 



4-1-x? 

Pl.OLW 

price level of last week 


RSo/TON 

4-1 ■■•r.c 

tacah 

total annual crop available for harvesting tons 

4-1-:';!. 

M F 

noise factor 




HD I 

harvesting period index 



4-1- 23 

HP 

harvesting duration 


weeks 

4-1- 2^ 

H 

harvesting RATE 


T ON S/ WEEK, 

4 - ( -2^ 

hir 

harvested Crop Input rate 


tons/week 

4_j A6 

wFA 

WASTAGE Factor at agriculture 



4-] -27 

HCI 

harvested Crop In inventory 


TONS 

4-1- 2e 

THCl 

CROP harvested In last Five weeks 

Tons 

4-1-2P 

I 

CROP InVEmTorY 


Tons 

4-1-'^^ 

F W G 

fruit wasted at GFOWER 


Tons /week. 

4-1-31 

wDLSG 

wastage Factor due to long storage at 

grower 

4-1-3?. 

TFwG 

TqTAl FrU I T wastage with grower 


Ton? 

4-1-33 

AFWG 

average Fruit wasted at gpower 


Tons /week 

4-1-34 

5 

sales rate 


Tons/week 

4-1-35 

iMP 

mAXoSAlES rate 


Tons /week 

4-1-36 

TSGCS 

TqTAl saler from growers To eqld 

storage Tons 

4-1-37 

ASGCS 

average sales from growers To cold storage Tons/week 

4-1-38 

PL 

price level 


RSo/TON 

4-1-3? 

MAX PL 

maximum price level 


RSo/TON 

4-1 -4 P 

MF L 

minimum price level 


RSo/TON 

4-1" 4 1 

DSF 

demand supply interaction factor 



4—1 — 4 •'! 

PVD 

price vs. demand table 



4^1 -4 3 

DSR 

demand supply ratio 



4-1-4- 

DS 

desired sales rate 


TonS/WEEk. 

4-1-457 

TT 

inventory Turnover time 


weeks 

4-1-46 

PROG 

profit of orange growers 


RSo/YEAR 

4-1-47 

WPOG 

weekly profit of Growers 


rSo/WEEk 

4— 1-43 

prfg 

profit factor for growers 







COLD storage sector 


16 © 


■If ST 

SIR 

•TrtCS 

,'/DLS 

SFl 

T o I Sp 

SP 

T : |.vCo 

a; ivvC S 

SCR- 

S'OR'C 

TSOSp 

SOB 

FCdo 

cRt-il 
TSOB 
A 5 OB 
T Co I 
^sCSI 
'r LmS 

SCF 
■PRCS 
■ I/'. "<cs 
PF 

TpOW 
T POft 
TFL 


material in Cold storage 

STORAGE INPUT RATE 

material wasteu in Cold storage 
WASTAGE Due To L'^NG storage 
sale from inventory 

total SALER From inventory DUrInG safe 
period 

SAFE, per IQD 

ToIAL material v-ASTED in COL^ STORAGE 
■ AVERAGE Material vvasted in cold storage 
STORAGE output RATE 

storage ouTpuT Cap train 

TqTAl storage oLTpUT In SaFE rErIOD 

storage output backlogs 

fruit CoNSLmED Im back orders 

back qrdep meetimg index 

total storage output backlogs 

average PTOrAGE O'DTpUT BACKLOG 

TqTAl Cold storage imvenTory this year 

average Cold storage invemTory 

price level after storage 

storage charges factor 

profit of Cold storage 

weekly profit oe Cold storage 

PROFIT factor 

total receipts of the week 

total pmYmLnTs of the WEEk 

total wastage losses 


TONS 

4-2-1 

tons/week. 

4-2-:. 

Tons /week 

4— 2«“3 
4,<-2-“5 

Tons /week. 

tons 

weeks 

4— 2"*6 
4-2-7 

TonS/YEAp 

4-2-8 

Tons/week 

4-2-9 

ToMS/WEEk 

4-2-10 

4-2-11 

Tons 

4—2—12 

TONS 

4-2-1-5 

ToiMVWEEk 

4-2-14 

4-2-15 

ToNS/WEEk. 

4-2r-I5 

TonS/WEEk, 

4-2-17 

ToNS/YEAp 

4 - 2 -ie 

TonS/WEEk 

4-2-19 

rSo/TON 

4-2-20 

4-2-21 

RSo/YEAR 

4-2-2i 

rs o /week 

4-2-23 

4-2-24 

rSo/WEEk 

4-2-25 

rSo/WEEk 

4-3- 2 

RSo/WEEK 

4-2-2 5 * 


JUICE FACTOPY SECTOR 


FPRJF 
dU JF 
OF 
JC 

JP JF 

i^jTFr 

D.jTC 

EPDJ 

r'^CPl 

mdp 

AVGD 

TF 

I/ r 

PLJT 

CPkJF 

JEF 

iV, ;> 

f'lAFjp 

WF 

J W C J F 


FRUIT RECEIVING 

basic demand of 
ORDERING factor 
JUICE content 
fruit stor Ed In 
demand of juice 
demand oF juice 
effect OF PRICE 
price CHAfMGE R 


rate at juice FACTORY TonS/WEEk 
FfDITS from juice factory Ton6/V/EEk 


jUICE factory 
TINS From retailers 
TINS From Consumers 

CHANGE ON DEMAND OF 
\TI0 “JUICE tins 

tins 


Tons 

TonS/WEEk 
TonS/WEEk 
JUICE tins 


moving demand pattern OF JUICE TINS TqNS/WEEk 
average demand OF JUICE TINS TomS/WEEK 

trend FACTOR 
SEASONALITY FACTOR 

price lsVEL qE jUlLb TInS In THE ppEVloUS WLxk Rov/ToN 
CONCENTRATE PRODUCTION RATE AT JUlCE FACTORY TONS/WEEK 
JUICE extraction FACTOR 

maXo rate OF Concentrate production Tons/weer 
fruit availability For jUice production tqns 
wastage factor 

juice waiting for canning at juice factory Tons 


4-3-1 

4-3-Z, 

4^3-3 

4-3-4 

4-3-5* 

4-^3— 6’ 

4-3-7 

4-3- 0 

4-3- f 

4-3-10 

4-3-11 

4-3-12 

4-3-13 

4-3-14 

4-3-15, 

4-3-16- 

4—3—17 

4-3-18 

4-3-19 

4-3-20 


CPJF 

p 

CTJF 

oRRJF 

trs 

SprS 

d|_CTR 

PFTC 

TCOJT 

■ ic _ 

ohf 

JCC 

PRJF 


CANNING rate AT JUICE FACTORY 
CANNING capacity 

canned tin^ In jui^p 

sales rate To retail From juicc 

tins in retail stores 

sales dATE From rETAIl STorES 

drice level of Canned tins 

profit factor -on Total cost 

total cout of juice tino 

manufacturing cost 

OVER HEAD FACTOR 

juicE content cost 

PROFIT OF JUICE FACTORY-ANNUAL 


factory 


PROFIT 


16J 

TONS/WEEK 

TONS/WEEr. 

Tons of juice 

TonF/WEEi', 

TONS 0F_JUICE 

TonE/WEEk 

-SC/T-N 


A-3-XI 
4 - 3 - 7X 

4-3-E3 

4-3-2if 

4-3-25 

4^3-26 

, 4—3 2 8 


RSo/TON 4-3-P':^ 

rSo/T0N< JJIEE) 4-3-" 
4-3-31 


RSo/TON 

RSo/YEAR 


frEsh Fruit market sector 


FpRCS 
F SUS 
v-ii S F F R 
rSSF 
.■ .‘RC 
CJFF 
EpOF 
PCR2 
F F F L W 

plff 

mcf 

t-JFF 

SFFFD 

ilOFF 

AVGDF 

PrFF 

TPROI 


fruit purchase rate from cold storage 
fruit stock For direct salE 
weekly sales of fresh Fruit To retail 
retail shop store of ERE’IT 
retail Sales rate to 

consumer demand oF FrEoH FRUn 
effect of price change on demand OF 
price change ratio of Fresh 
price levee of fresh fruit last week 
price level of Fresh fruit 
marketing charges factor 
PASIC DUmAND oF FRESjH PRUI { 

S^ALNAL FACTOR FOP fresh FPUn DEHANO 

moving demand OF eregh fruit 
average demand of Fresh fruit 
profit from fresh Fruit sale 
total profit of orange industry 


TONS' /week 

ToM-^ 

ToNS/WEEk 

Tons 
tonS/week. 
TqnS/WEEk 
fresh FPUIT 


rs 

RS 


,/ TON 
>/TON 


tons/week, 

ToNS/WEEr 

TonS/week 

rSo/WEEK 

rSo/WEEK 


4-4-1 

4-4-2 

4-4-3 

4-4-4 

4-4-5 

4— 5 

4 -^ 4— 10 

4 11 

4^4—3 2- 
4 — 1 3 
4-4-14 

4-4-15 
4— 4— 
4-4- 1 1 


ERPi.TA 



Line 

Read 

Por 

15 

7 

(4) 

(3) 

21 

14 

But -Uae ability... 

The ability ... 

35 

8 

Reference (l6 ) 

Appendix C 

63 

4 and 5 

in Chapter IV 

at the end of this 
Chapter 

64 

17 

levels-Pl, Price 
level after... 

levels -Price level 
after. . . 

65 

5 

remedy 

only remedy 

66 

2 

six 

four 

67 

3 

six 

four 

67 

12 

and 

to 

67 

18 

decreasing 

incre asing 

73 

22 

are 

is 

74 

5 

Tables 5.4(a) and 
5.4 (b) 

Tables 5.4 and 5.5 

74 

14 

(Table 5.4(a)) 

(Table 5.4) 

74 

19 

(Table 5.4(b)) 

(Table 5-5) 

75 

9 

^ome of the 
perame ters 

•the p eTSB.B te rs 



